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PROCEEDINGS. 



The Fourth Annual General Meeting of the Members 
waa held in the House of the Institution, Newhall Street, Bir- 
mingham, on Wednesday, January 22, 1851 ; J. E. McOonnell, 
Es(j., Vice-President, in the Chair. 

The minutes of the last General Meeting were read by the 
Secretary and confirmed. 

The Secretary then read the following: — 

EEPORT OF THE COUNCIL, 

AT THE FOURTH ANNUAL MEETING, 22nd JANUARY, 185L 



The Council congratulate the Members on the satisfactory 
position of the Institution at the present Fourth Anniversary of 
its establishment, and on its continued and successful progress 
in efficiency and usefulness. 

The number of Members for the last year is 202, of whom 
1 6 are Honorary Members, and 3 Graduates ; the class of Gra- 
duates has been specially formed to enable the young and rising 
members of the profession to obtain the advantages which the 
Institution is so well calculated to afford. 

The Financial statement of the affairs of the Institution for 
the year ending 31st December, 1850, shows a Balance in the 
Treasurer's hands of £230 Ss. Orf., after the payment of all accounts 
due to that date, and this Balance has been further increased to 
^6265 Ss, Od. by the receipt since 3 1 st December of some subscrip- 
tions due for the last year, 1850. The Finance Committee have 
examined and checked all the receipts and payments of the Insti- 
tution for the year 1850, and have reported that the following 
Balance Sheet, rendered by the Treasurer, is correct. 

♦ ( See Balance Sheet appended*) 



/ 



4 ANNUAL REPORT, 

The Ofl&ces of the Institution have been established in the 
present building, containing the accommodation for the Meeting 
Room and Library, and for the Secretary to be resident on the 
premises, and affording additional facilities for promoting the 
usefulness of the Institution, and its efficiency in accomplishing 
the objects for which it was established. The Council hope to 
receive from the Members and their friends contributions of Books 
and Drawings, for the formation of a Library of reference, and 
Models of Machinery, &c., to form a Museum of Mechanical 
Models, for the use of the Institution. 

The Council have the pleasure of announcing that the fol- 
lowing donations to the funds and the library of the Institution^ 
have been received during the past year. 

Donation of £100 from the President, Mr. Robert Stephenson. 
Proof copy of Work on the Britannia and Conway Tubular 

Bridges, from Mr. Robert Stephenson. 
Paul R. Hodge on the Principles and Practical Application 

of the Expansive Steam Engine, from the Author. 
W. Lee's Tables of the Strength and Deflection of Timber, 

from the Author. 
F. Galton on the Telotype or Printing Electric Telegraph, 

from the Author. 
W. Spence on Patentable Invention, from the Author. 
The Mechanic's Magazine, from the Editor. 
The Practical Mechanic's Journal, from the Editor. 
The Civil Engineer and Architect's Journal, from the Editor. 
The Artizan, from the Editor. 
The Engineer and Machinist, from the Editor. 
The Mining Journal, from the Editor. 
The London Journal of Arts, from the Editor. 
The Patent Journal, from the Editor. 
Proof Engraving of the Building for the Exhibition of 1851, 

from Messrs. Fox, Henderson, and Co. 

/ Amongst the communications and discussions at the Meet- 

ings of the Institution, during the last year, the Council have 
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the pleasure of referring to the following as valuahle and interest- 
ing, leading to improvement and economy, and to the advance • 
ment of the knowledge of the form and strength of materials. 

The Condensation of Steam in the Engines of the South 
Staffordshire Iron District, and the Improvements to be 
effected in them. 

A new construction of Blowing Engine for Blast Furnaces, 
working at high velocities. 

A new construction of Eeciprocating Steam Engine. 

The Form and the Deterioration of Railway Axles. 

The Form and Construction of Railway Carriage and Wag- 
gon Springs. 

The Improvement of the Construction of Railway Carrying 
Stock. 

The Inventions and Life of the late William Murdock, of 
Soho. 

The Council wish to draw the particular attention of the 
Members to the importance of giving all the assistance in their 
power to advance the objects and increase the utility of the Insti- 
tution, by the communication of Papers with Drawings and Models, 
descriptive of new inventions or improvements that have been 
made by them, or have come under their observation, and the 
results of experiments, and of the practical working of old or new 
Machinery, Engines, &c., with Indicator Cards from Steam En- 
gines, so as to render the Institution a general place for reference 
on Mechanical subjects. A list of proposed Subjects for Papers 
is appended, and the Council invite communications from all the 
Members and their friends on these and any other Engineering 
subjects that will be useful and interesting to the Institution, 
and they hope to receive a further increase of the papers, so as to 
add to the number of the meetings ; they trust that no members 
will withhold their communications on account of the want of 
opportunity to make them so complete and lengthened as they 
may desire, as it is one of the first objects of the Institution to 
collect and record facts relating to the professional experience of 
the members, and to procure early and authentic information 
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respecting new mecbanical inventions and improvements, for the 
mutual information and advantage of the members. 

In the ensuing year an excellent opportunity will be afforded 
by the concourse of visitors from all foreign countries at the Great 
Exhibition in London, to open communication with foreign 
Engineering Societies for mutual advantage and the interchange of 
Transactions ; and in furtherance of this object it would be ad- 
visable to obtain corresponding Members of the Institution in 
various countries, and the Council also recommend this oppor- 
tunity to be taken for holding a Meeting of the Institution in 
London. 

The OflBcers of the Institution and Five of the Members of 
the Council go out of oflBce this day, according to the Rules, and 
the ballot will be taken at the present meeting for the election of 
the Officers, &c., for the ensuing year. 



The Chairman observed, that all the members must feel 
great satisfaction in the rise and progress of the Institution of 
Mechanical Engineers ; he congratulated them on the proceed- 
ings of the last year, and the excellent papers that had been 
brought before them, comprising questions of great practical value, 
and on the favourable prospect of papers for the ensuing year, and . 
be thought there was no doubt that the important occasion of the 
great Industrial Meeting in London, when Engineers from every 
country in the world would meet together, would also stimulate 
the Members of this Institution, in producing for that period 
some papers of importance and value. 

He believed that a great deal of good might be done by 
establishing a connexion with foreign Engineering Societies ; he 
had the pleasure recently of meeting the President of the French 
Institution of Engineers, and of finding that shortly after their 
last meeting he was in possession of their report, and he spoke in 
high terms of the usefulness of the Institution, and the valuable 
practical character of the papers. He thought it would be well to 
establish a system of intercommunication with Foreign Engineer- 
ing and Mechanical Societies, thus leading to an iutercliange of 
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the ideas and practical suggestions thrown out hy the respective 
hodies, and tending to the estahlishment of that friendly feeling 
which ought to exist hetween the members of the profession, in 
event of any of them visiting their respective countries, and cer- 
tainly the present was an auspicious era for bringing about so 
desirable an object. 

The introduction into the Institution of young and rising 
members of the profession, in the capacity of Graduates, he felt 
would be an important aid to the future success and prosperity of 
the Institution; by their introduction into the Institution they would 
become acquainted with the principles of the system on which it 
was conducted, they would take an increasing interest in it, and 
form a very useful addition. A young engineer entering an 
Institution like the present, listening to the discussion on the 
various subjects brought before them, might have his mind 
awakened by some remark, which, as frequently occurred, might 
lead him to some practical result of importance and advantage ; 
and the more of that class of active, intelligent minds they could 
bring to bear in the Institution, the greater the practical results 
would be. He trusted that every head of an Establishment who 
had within his influence any young member of the profession, 
whom he thought would form a useful graduate, would use his 
efforts and influence to bring him amongst them : he should even 
be glad to see the number of these graduates equal with that of 
the Members of the Institution. In conclusion, he congratulated 
the Members upon the successful issue of their proceedings up 
to the present time, and he hoped that the Institution would go on 
increasing in usefulness and eflBciency. 

On the motion of Mr. Williams, seconded by Mr. Buckle, 
the Report was received and adopted. 

Mr. Gibbons moved a vote of thanks to the Council and 
Officers of the Institution, for their services during the past 
year. The motion was seconded by Mr. Dockray, and passed. 

The Chairman then announced, that the ballot lists had 
been opened by the Committee appointed for the purpose, and 
the following Officers and Members of Council elected for the 
ensuing year- 
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President : 
Egbert Stephenson, M.P., London. 

Vice-Presidents : 



Charles Beyer, Manchester. 
J. E. McCoNNELL, Wolverton. 



John Penn, London. 



Council: 



William A. Matthews, SheflSeld. 
Archibald Slate, Dudley. 



E. A. CowpBR, Birmingham. 
Edward Humphrts, Woolwich. 
Edward Jones, Bridgewater. 

(In addition to the ten Members of Council who continue in office fronr 
the last year, J 

Treasurer : 
Charles Geach, Birmingham. 

Secretary : 
William P. Marshall, Birmingham. 

The Chairman announced that the following new Members 
were also elected. 

Members : 
S. HoLDEN Blackwell, Dudley. John Ehodes, Hull. 

George Downing, Smethwick. J.T.WooDHousE,Ashby-de-larZouch. 

The Chairman said he was happy to announce that the 
subscriptions towards erecting the National Memorial to the late 
George Stephenson amounted already to dE2320^ and the Com- 
mittee were very sanguine that something like double the amount 
would be realized. 

Mr. Benjamin Gibbons observed, in reply to a remark 
made at the last Meeting, with reference to the invention of the 
Pneumatic Lift, that he had described at a former Meeting, (see 
Proceedings, July, 1849,) that Mr. Middleton was under a mistake 
in attributing it to the late Mr. Murdock, of Soho. At that time 
he (Mr. Gibbons) had an intention of altering his furnaces to 
increase their height, but met with a serious obstacle in the con- 
fined situation of the Works, the furnaces standing close to the 
canal towing path, which prevented the use of the usual inclined 
plane for raising the materials to the top of the furnaces. He 
then thought that the blast, with which the furnaces was blown. 
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might be made use of for the purpose of the lift, and he asked 
the opinion of Mr. Murdock on the subject, with whom he was 
on intimate terms, and who promised to give it his consideration. 
A few days afterwards, he was standing near the Dry Eegulator, 
when he observed (the blast being suddenly taken off the furnace), 
that the piston of the regulator rose beyond its usual working 
limits, till it was raised to the level which opened the escape 
valve. It then immediately struck him that, if the cylinder were 
long enough the piston would have continued to rise to the height 
required, and if a piston loaded with 7 or 8 tons were thus 
raised, why might not 7 or 8 tons of iron-stone be raised by a 
similar agency ? It weis obvious, that the same thing would apply 
to the Water Eegulator, which being a cylindey open at the bottom, 
inverted in water, and the blast admitted beneath it, had the same 
tendency to rise, unless held down by bolts. He considered the 
latter plan cheaper and more applicable under the circumstances ; 
having a rise of 16 feet, he had only to make his water regulator 
long enough, and it would take up any weight proportioned to 
the area of the cylinder. Some time after this plan was resolved 
upon, Mr. Murdock sent him, on his return from Cornwall, a 
plan for a wheel to be acted upon by the blast ; it was a wheel 
immersed in water, with buckets like an over-shot water-wheel, 
and the weight might probably have been wound up by it ; but 
he saw that the w'ater regulator was the exact thing required, 
and therefore did not try Mr. Murdock's plan. He might men- 
tion, that when Mr- Murdock afterwards saw his application of 
the water regulator, he said, that had that idea occurred to him 
he would not have suggested the water-wheel, for, added he, 
" your plan is better than mine." The plan has answered com- 
pletely the purposes for which it was intended. All who had 
the pleasure of Mr. Murdock's acquaintance, well knew with 
what readiness he laid open the stores of his mind to any one 
in whom he took an interest, and his ingenuity of mind, amenity 
of manner, and kindness of character had established for him 
a world-wide fame. Indeed, they had only to look around the 
room in which they were assembled, and if it were not for one 
of his brilliant discoveries (referring to the gas by which the room 
was lighted), they would find themselves very much in the dark. 

B 
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Mr. Buckle remarked^ in the absence of Mr. Middleton, 
that he had expressed to him his regret at any observation on the 
subject that he might haye made under a mistake; what he 
claimed for Mr. Murdock was the perfection of the blast engine, 
whilst Mr. Gibbons had, it appeared, adapted the water regulator 
to the purpose of the lift. He also bore his testimony to the 
excellency of die plan adopted by Mr. Gibbons: he was of 
opinion it was a most excellent method of lift. 



The following supplementary paper, by Mr. W. A. Adams, of 
Birmingham, was then read : — 

ON THE IMPROVEMENT OF THE CONSTRUCTION OF 
RAILWAY CARRYING STOCK. 

In the previous paper laid before the last meeting of the In- 
stitution the great increase was pointed out that has gradually been 
made in the dead weight of the carrying stock in the general 
practice of railways; that the First Class Carriages carrying 18 
passengers have been increased in dead weight from 3J tons to 5 
tons ; and the Waggons carrying a maximum load of 5 tons have 
reached a dead weight of 4f tons ; and that this great increase of dead 
weight occasioned an important addition to the cost of locomotive 
power for the nett load carried. If a Locomotive Engine is capable 
of conveying a train of 60 waggons, weighing 200 tons, and the load 
200 tons (which proportion of dead weight to load will not be short 
of the truth, even without taking empties into account), a saving of 
one ton in the dead weight of each waggon will enable the engine to 
convey 50 tons additional of waggons and load, or equal to a saving 
of one-eighth in the cost of haulage. 

In the important matter of inland through coal trafl&c, the 
waggon averaging 3 J tons carries 5 tons of coal ; but as the waggon 
has to return empty, for 5 tons of load conveyed one mile, 7i tons 
dead weight of waggon has to be conveyed t'' .ame distance. In 
this instance the saving of one ton weight in the construction of the 
waggon would be equivalent to a total saving of nearly one-sixth, or 
16 per cent, in the cost of haulage. 

The great increase in dead weight has arisen from the increase 
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that has heen continually making in the quantity and weight of ma- 
terial employed in the construction of i*ailway carriages and wag- 
gons, as the remedy for the failure of their different parts ; that 
remedy having generally heen solely increase of weight of material, 
without alteration of material or construction. 

In the common road vehicles, where the motive power was 
limited, the road imperfect and gradients had, the cost of hauling 
power was of so great importance, that eveiy pound of weight was 
carefully saved in the construction of the vehicles, hy using only 
the hest materials and construction to ohtain the strength with the 
least weight ; the durability being comparatively a secondary con- 
sideration. The Four-horse Coach, conveying 18 passengers, 
weighed only 1 ton, and the Van, conveying 6 tons of goods, 
weighed about H tons. 

The great distinction between road and railway vehicles is, 
that railway vehicles have to sustain longitudinal strains in the 
direction of the buffing, as well as lateral and perpendicular blows. 
The reduction of the dead weight of railway vehicles is extremely 
desirable, while such reduction of weight is effected with due regard 
to efficiency and strength to resist the longitudinal strain in buffing, 
as well as the other strains to which they are subjected. The ob- 
ject is to produce such vehicles as shall be, all points considered, 
the most economical in first cost, in maintenance, and especially in 
traction : and at the same time it does not follow that reducing the 
dead weight, and improving the quality of the materials, will add 
materially, if any, to the cost. 

The Sole-Bar is the most important part of the waggon imder- 
frame, as it resists the main force to which the waggon is subjected, 
namely, the longitudinal buffing, and also acts as a girder to carry 
the load upon the springs. The ordinary wood sole-bar averages 
from 10 to 12 inches deep, and 3^^ to 5 inches thick. Although the 
principal strain is the end-way buffing, the vertical strength is re- 
quired to be so much greater than the lateral strength, in conse- 
quence of the sole-bar being strutted horizontally by the internal 
framing. 

The writer has endeavoured to discover the best form to attain 
the same strength in wrought-iron with the least material, and 
thereby ascertain whether the same strength can be attained with 
less weight than the ordinary wood sole-bar. 
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Fig. 1 (Plate 18) is a section of the ordinary English oak sole- 
bar, of the average dimensions, 11 inches deep and 4^ inches thick; 
the length is 13 feet, and the total weight by actual practice, 
321 lbs. 

The correct theoretical section for wrought-iron to answer the 
same piupose with the least material, would appear to be a box- 
girder as shown in Fig. 2. But this cannot be practically adopted, 
as it would be next to impossible to manufacture, and it is necessary 
that some practical form of rolled-iron be adopted, for economy and 
simplicity of construction. 

The main force to be resisted is the end way buffing, and as 
the strongest form to resist end pressure with the least material 
would be a tube (as shown dotted in Fig. 3), that section which 
imitates a tube the nearest will be the correct form. The strength 
of the tube arises from the metal being distributed at the greatest 
distance from the centre, therefore in the section. Fig. 3, the metal 
has been principally distributed in three points AAA of the circum- 
ference of the circle which are connected by the thin sides of the 
iron. 

Inasmuch as the vertical strength is required to be considerably 
greater than the lateral strength, this theoretical section. Fig. 3, 
requires altering to the proportion shown in Fig. 4. 

The practical section proposed to be adopted on this principle 
is shown in Fig. 5, the height is 7 inches and the width 4 inches ; 
the sides should be as thin as practicable, and the metal thrown into 
the extremities, the sides are therefore f^ inch thick, and the 
extremities J inch thick. The weight of this section 13 feet length, 
is 219 lbs., being nearly one-third less than the ordinary oak sole- 
bar, which weighs 321 lbs. 

The following e3q)eriments have been tried by the writer to 
ascertain the requisite strength of iron to be employed for this 
piupose. 

An English oak sole-bar, 10 feet long, and of the section, Fig. 1, 
of picked quality and straight grained, was subjected to end-way 
pressure in a hydraulic press, being supported only at the two ends. 
15 tons, deflected it f inch at the centre. 
22i ditto ditto i ditto ditto. 
30 ditto ditto t ditto ditto. 
35 ditto ditto when it broke. 



RAILWAY CARRYING STOCK. 13 

The breaking did not appear to be caused by deflection, but by 
the crushing and lateral separation of the fibres ; the principal frac- 
ture being several feet in length and extending from side to side 
on the edgeway of the timber. 

A wrought-iron bar, of the Great Western section, shown in 
Fig. 6, and the same length, 10 feet, was fixed in the press in the 
same manner. 

15 tons, deflection none. 
19 tons deflected it ^ inch, without set. 
22^ „ „ 4 inches, permanent set 2f in. 

The deflection was entirely lateral, and in the direction of the 
arrow, or towards the side of the larger flange. 

This bar is made of two pieces rivetted together, one 7 inches 
high and ^ inch thick, with a small flange on one side, and an 
angle iron, 3 inches wide, is rivetted to it on the opposite side. 

To ascertain the comparative vertical strength, an English oak 
sole-bar of Fig. 6 section, was placed edgeways on two supports, 
6 feet apart, and the force of the press applied in the centre. 

10 tons deflected it i inch. 
12 ditto ditto f ditto. 

16 ditto ditto broke it. 

The wrought-iron bar of Fig. 6 section, was tried in the same 
manner, with the force applied on the edge, and supported on the 
flange. 

10 tons deflected it i inch. 

12 ditto ditto i ditto, permanent set f inch. 

From the results of these experiments it appears that the iron 
bar. Fig. 6, is about as strong as the wood sole-bar. Fig. 1, to resist 
vertical force, but is somewhat deficient in strength to resist the 
endway buffing. In this section a loss of strength is caused by its 
being made in two pieces rivetted together ; the deficiency is in 
lateral stifl&iess, which would be considerably increased if it were 
all one solid bar of iron. It appears from the following experiment 
that the deflection would be on the opposite side to the large flange, 
if the whole were solid. 

A bar 7i feet long of the section. Fig. 7, was subjected to end- 
way pressure in the same manner as before ; the depth was 6 inches, 
the width 3^ inches, and thickness f inch, 

23 tons produced no permanent set. 
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26 tons produced a permanent set of If inch laterally, and 
1 J inch vertically, 
the deflection heing on the opposite side to the flange, as shown hy 
the arrow. 

Also a har, 5^ feet long of the section, Fig. 8, was tried in the 
same manner hy end pressure ; the depth and width were hoth 
3 inches, and the thickness f inch. 

9 tons produced a permanent set of 1 inch, hoth laterally 
and vertically the same, 
the deflection heing in the opposite direction to the flanges, and 
diagonally as shown hy the arrow, from the depth and width heing 
equal. 

From these results it appears that the two edges of the har 
hecame compressed hy the pressure more than the rest of the sec- 
tion, and allowed the har to hend outwards. These edges are con- 
sequently strengthened in the proposed section, Fig. 9, hy increasing 
the thickness which will diminish the deflection, and enahle the har 
to resist a greater endway strain without permanent set. 

The sectional area of Fig. 6, the bar first experimented upon 
is 6i inches, that of Fig. 7 is 6} inches and that of Fig. 6, the pro- 
posed section is 6 inches, but the latter is expected to be stronger 
than Fig. 6, on account of the greater power to resist deflection, 
from the edges being strengthened and the bar being made in one 
solid piece, and that it will prove amply sufficient for the require- 
ments. An important circumstance in the comparison of strength 
between wrought-iron and wood is, that with iron the full experi- 
mental strength is obtained in practice, but in wood the strength 
obtained in practice is considerably less than that shown by experi- 
ment, on account of the defects to which timber is liable and the 
mortices and bolt holes cut into it. 

The writer is about to have a quantity of iron rolled to the 
proposed Section, Fig. 5, for the purpose of constructing certain 
waggons, and hopes to be enabled previous to the next meeting to 
give the results of actual trial. 

A very important advantage will be obtained by the use of Iron 
from its greater durability. English Oak, admitted to be the best 
material, cannot be procured in a thoroughly seasoned state in any 
large quantities, and is consequently, after it is made up, in a tran- 
sition state for a term of years. The timber opens and shrinks, 
and the joints loosen, admitting wet and accelerating the decay. 



; 
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Presuming that an efficient waggon frame be practicable from 
iron, it is difficult to place a limit upon the period of its duration, if 
well preserved from oxidation by paint or tar ; and it may be ex- 
pected to Ce still in an efficient condition at the time when wood 
requires renewal. 

It should be noted that the English oak, weighing 72 lbs. per 
cubic foot, is in the unseasoned state in which it is generally used 
for waggons ; and that as it seasons in work it lessens considerably 
in weight, but at the same time loses in strength. 

The writer has not had the opportunity at present for carrying 
out his investigation into the application of iron to the construction 
of railway vehicles, further than the principal portions of the imder- 
frame, but proposes to continue the subject practically before the 
next meeting. 



Mr. T. Thorneycroft observed, that he had witnessed some 
of the experiments that were described in Mr. Adams* paper, and 
could testify to the accuracy with which they were performed. 

Mr DocKRAY suggested it would be difficult to roll a bar of 
iron of the proposed section. Fig. 5. 

Mr. T. Thorneycroft thought it could be eflFected, but it 
would be accompanied by some difficulty. 

Mr. Jones proposed it should be rolled with the ends flat- 
tened out a little, and that they should be closed in at the last 
time of passing through the rolls. 

Mr. Slate remarked, that the author's deductions appeared to 
lead him to the conclusion that the hollow rectangular section. 
Fig. 2, was the best form, provided the iron could be rolled into 
that shape, but he diverged into the L form because it was the only 
practicable shape. He thought there would be no difficulty about 
rolling the section, Fig. 2, but there would be some difficulty 
about the other; if it were sufficient for the purpose of fixing the 
cross framing, it could be rolled out as easily as a tube, and with 
the aid of another mandril, might be flattened into any rectangular 
shape desired, which would probably be less expensive than 
rolling the L section. 
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Mr. Selby apprehended no diflBculty in making it in that 
manner as a tuhe ; at all events he should be glad to make the 
trial. He 'could also prepare it by a process which would 
prevent the oxidation of the iron, providing it was not knocked 
about. 

Mr. CowPER remarked, that the cost of rolling the proposed 
L section. Fig. 5, might not be more than £2 per ton extra upon 
bar iron. 

Mr. Allan inquired how the Great Western plan was found 
to answer, for they had some hundred waggons running, made 
with the frame of the section. Fig. 6. 

Mr. Barrans suggested the adoption of the rectangular 
section. Fig. 2, with wood blocks filled in where required, and 
bolted through to give strength to the frame. He asked* if it 
could not be rolled in two parts and rivetted together afterwards. 

Mr. Adams replied, that would bring them to an increase in 
cost per ton, and the expense was an important matter to be taken 
into consideration. It was desirable to get a square side and bottom 
for attaching the spring shoes, with the cross bearers merely 
rivetted through, and he thought a mitre joint at the comers of 
the frame would be necessary, and that the proposed L section. 
Fig. 5, was the most convenient for all these purposes. 

Mr. Wright said, that in considering the increase in weight 
of Eailway Carriages it must be borne in mind that the public 
had demanded increase of strength and room as essential to 
comfort and security, more especially in rapid travelling. He 
thought the comparison between the common road coach and the 
railway carriage would not hold, because not only did they go at 
a very limited speed, but they were provided by contractors, who 
for the sake of their horses, had the vehicles as light as possible ; 
and it must be remembered there was no danger arising from 
collisions ; there was no buffing, but only traction. The uniform 
requirement of the public had been for an increase of strength in 
the railway plant, and they had abundant pi'oof that the original 
carriages with open frames had not been strong enough to bear con- 
cussion, for in collisions such carriages received all the damage, 
whilst the modem strong built carriages escaped uninjured. 
According to the views of the writer of the paper, in increasing the 



RAILWAY CARRYING STOCH. 17 

Weight of carriages, as a necessary consequence of increased size and 
strength, they had been going back instead of forward ; but he 
was not of that opinion, on the contrary he thought they were 
decidedly improving in construction. He could not imagine 
that the iron sole bar proposed would bo so strong as tho 
wood, and he thought good seasoned oak timber would be 
found preferable for the purpose. 

Mr. Adams observed, that the original carriages had not been 
found strong enough for the duties they had to perform, but 
he considered that in increasing their strength the dead weight 
bad been too much increased &om the want of scientific principles 
in the construction. 

Mr. Co WPER remarked, that the observations of the paper were 
directed to find out the best kind of frame, and to discover the 
mode of making a good frame as light as possible, consistent with 
strength and durability. He thought that the proposed section. 
Fig. 5, seemed to give a good result; and he could speak 
* practically on the subject, because he had made a great number of 
experiments on the end thrust of L and J iron for iron roofs, 
and he had found that when the edges of the flange were thin, the 
iron was defective in strength to resist an endway thrust. The 
metal at a distance from the general centre of the section was 
most advantageously placed for strength, and in the section Fig. 5, 
the metal was distributed as far as possible from the centre, 
thereby securing the full advantages obtained by the depth. 

Mr. Slate conceived it a matter of the highest importance to 
diminish dead weight, and that great improvements had yet to be 
effected in that particular ; certainly if they had now 5 tons of 
dead weight where they had formerly 3J tons, they had not 
much improved, for they had thereby increased the cost of 
traction one-half. He did not know of any instance where 
there was so large a proportion of dead weight in any kind of 
machinery as there was in railway rolling stock ; and the divi- 
dends on railway property must be diminished by it. It was 
surprising that on a road possessing such perfection and 
advantages, they should have such an enormous proportion of 
dead weight ; in an abstract sense it rendered the new railways 
less perfect than the old roads, where the proportion of dead 
weight was so much less. 
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Mr. H. Wright thought it ought to be observed^ that rail- 
way carriages had been much increased in their size, to suii 
the convenience and comfort of travellers. Originally they were 
15 feet long, 6 feet 6 inches wide, and 4 feet 9 inches high; 
but now they were from 18 to 20 feet in length, 7 feet wide» 
and 5 feet 6 inches high. The increase in size was of coursa 
one element in the increase of weight 

Mr. Clift remarked, that the great increase in speed in 
the case of railway travelling must be considered, and the 
necessity for greater strength as a means of preventing acci- 
dent. At the commencement of the railway system, accidents 
were frequent ; and when they occurred they were of a very 
serious nature* This was attributed to the lightness of the 
carriages, and no doubt the question of increasing strength 
bad been forced upon the carriage builders, by the demands of 
public safety, as well as the danger resulting to the rolling stock, 
when carriages came into collision. The coal waggons were 
indeed made as strong as possible, on the principle that if 
they came in collision with any others, they might from their 
superior strength, withstand the shock themselves^ and crush 
the others. 

Mr. Wright observed, that the increase of weight had 
been forced upon them on the principle of public safety. 
Originally, in the case of the axle journals, they were 4j by 
Sfe inches; but they had soon increased to 5 by 2f 
inches, and were now much larger; also, the wheels were 
originally 17 cwt., but now they weighed from 25 cwt. to 27cwt. 
These had to do the same business ; the number of passengers 
were not increased, but the vehicles to carry them were 
heavier. It would be found in the case of the old road coaches, 
that their utmost speed was twelve miles an hour, generally 
not more than nine miles, and yet accidents were perpetually 
occurring, and were far greater than at present on railways. 

Mr. Gibbons remarked, that the question under discussion, 
was the substitution of one material for another, of the. same 
strength, not with less strength, but with an economy of weight. 

Mr. Slate thought it was important to consider, that the 
greater the weight, the greater would be the momentum, and 
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the greater the damage done by a collisioii. He saw no 
reason why the dead weight should not be reduced nearly one- 

balf. 

Mr. fifENSON was of opinion, that before long, the dead 
weight would be reduced one-third, while the weight carried was 
increased one-third : and that the cost would be also diminished. 
He was engaged in the consideration of the subject, and 
would be glad to bring the results before the Institution, at a 
futiure meeting. 

The thanks of the meeting were voted to Mr. Adams, ior 
his communication ; and the following paper, by Mr. Parkinson, 
of London, was then read:- — 

ON A WATER METER. 

There may be considered to be two descriptions of Water 
Meters, as is the case with Gas Meters ; one in which t^e meter is 
turned by the pressure arising from the elevated source of the 
supply, and the other by the gravityor weight of the water ; in other 
words, one woridng imder pressure and the other not. Perhaps 
the first Water Meter ever constructed was similar to a steam 
engine with cylinder, piston, crank, &c., &c. This description of meter 
is worked by the pressure, and the water will rise beyond the meter 
to any elevation short of that by which it is moved, save the friction 
of the meter. The one moved by the weight or gravity of the 
water will not allow the water to rise above the point of discharge, 
it is therefore indispensible that this meter should be placed above 
the point where the highest supply is required ; and if this should 
be in the highest room in a house, the meter must be placed a little 
above, and of course every room below will be easily supplied by 
the gravity of the water. 

On each of these plans a variety of designs have been attempted ; 
—on the high-pressure principle, besides the cylinder, various 
rotatory plans having been tried, — and on the plan of gravity various 
wheels with buckets, and vessels with floats, the rising and falling 
of which reversed the valves, or stop-cocks, for the inlet and outlet 
of the water. 

The chief objections to the high-pressure principle are the 
difficulties of making the machines perfectly water-tight, easy to 
move and of cheap construction, to bear the varieties of pressure and 
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speed to which they may be subjected ; another obstacle is the noii' • 
elasticity of the water preTtnting the uniform working, by loddng 
the machine, if the Talves or flaps open or shut the least too soon. 
The chief objection to the meters on the grayity principle is the 
difficulty of any float opening a Talve or stop-cock at the proper 
times to define the proper measurement of the water. 

Looking carefully over all these plans, the writer found none 
so well adapted as the Gas Meter, which is the one shown in the 
drawings and model ; it is as simple as a grindstone, and turns with 
the least possible weight of water. The Telocity is maintamed at 
a rate as nearly uniform as possible by means of the regulating 
valve, and will pass the quantities denoted on the badges with a 
pressure of water varying from 2 feet to 400 feet. 

Figure 1, Plate 19, is a front view of the Meter, showing the 
regulating valve. Figure 2 shows the internal drum, and Figure 1 
Plate 20, is a transverse section of the Meter. 

A is the inlet valve in the supply pipe which is opened by the 
ball-cock B, when the water is lowered in the small cistern C, from 
which the water is supplied for use over the building. D is the 
regulating valve for maintaining a uniform level of water in the 
Meter ; it is opened by the float £, and is constructed with a piston 
F upon the valve spindle of the same area as the valve, which 
balances the pressure on the valve, so that it is not affected by the 
pressure of the water in the supply pipe, and is easily opened or 
shut by the float E, however great that pressure may be. The 
guard plates G check tlie force of the water passing the valve, pre- 
venting the water in the Meter from being agitated. 

The drum H is similar to that of a Gas Meter with four com- 
partments, formed by oblique radiating plates which overlap each 
other nearly half round the drum, and each of the compartments 
opens into the outer space I of the drum into which the water is 
poured, and from which the water enters each compartment in 
succession. The water escapes on the opposite of the drum into 
the trough K, and in passing through the drum, turns it round, as 
the oblique position of the divisions removes the outlet opening of 
each compartment nearly half a revolution from its inlet. The 
drum revolves freely in the trough K, and the water flows through 
it with very slight resistance, registering itself by the revolution of 
the drum as it passes through, and then overflows the side of the 
trough K and passes into the supply cistern C. The spindle of the 
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drum moves wheelwork by the worm L, like a gas meter to register 
the number of gallons on a dial. The trough K is suspended 
by the hoop M, with an adjusting screw N at the top, by means of 
which it can be raised or lowered so as to adjust the meter accurately 
in measurement, as the quantity of water that the drum measures in 
each revolution depends upon the depth of its immersion in the 
trough, the deeper it is immersed the more water it takes to turn 

it round, and vice versa, 

• 

The velocity of the Meter should be kept tolerably uniform, as 
the trough which holds the water will vary a trifle when a large 
quantity is supplied into it than a smaller quantity. This is but a 
trifle as the overflow is all roimd the trough, and therefore the meter 
is made to measure the water correctly when going rather below its 
ftill speed, which, when used at full speed gives a trifle over, but less 
than one per cent., in favour of the consumer. 



Mr. Clift observed, that he had carefully tested this meter, 
and found that it measured liquids very accurately, and, indeed, 
small quantities were measured by it more accurately than could 
be efiected by pouring from one vessel into another. It was a 
very ingenious contrivance, for the valve took off the pressure 
and allowed the meter to work with a heavy pressure exactly the 
same as with a small pressure. Meters had heretofore been made 
to work under pressure, but it became impracticable to use them 
for common purposes, in consequence of their great expense, 
caused by the strength necessary to stand the heavy pressure. 
This meter was placed at the top of the building, and registered 
the water that passed down to supply the house ; the cistern below 
was always kept full, and not more than full, in consequence of 
the float valve, which stopped off the supply when the water was 
not being used. He had been informed by Mr. Parkinson, (who 
was unable to attend the present meeting), that he had so many 
applications for these meters from different Water Works Com- 
panies that he could not supply them fast enough. The Sanitary 
Commissioners had recommended the employment of meteis for 
the supply of water to all small houses in large towns, as the 
BID all consumers were at present supplied at a higher rate than 
others ; and it was probable that some meter would ultimately be 
adopted by all Water Companies. 
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The Chairman thought it irery likely that this pian of 
measuring water would be very useful, and a meter was much 
wanted, particularly to those who purchase large quantities of 
water, as was the case for railway purposes where there was only 
the imperfect means of measurement into tanks, for ascertaining 
the quantity consumed. 

The thanks of the meeting were voted to Mr. Parkinson for 
his communication ; and the following paper by Mr. B. Peacock, 
of Manchester, was then read : — 



ON THE WORKSHOra FOB THE LOCOMOTIVE CAB- 
BIAGE AND WAGGON DEPARTMENTS OF THE 
MANCHESTER, SHEFFIELD, ANJ> LINCOLNSHIRE 
RAILWAY. 

These works are erected at the first point firom Manchester 
where the Railway and the land take the same level, viz. : at Gorton, 
about two miles from Manchester, this being considered the best 
position from its being near the principal terminus of the Company's 
Lines, and from the facility with which materials can be procured and 
workmen engaged ; and though it is a terminal establishment, with 
the advantage of being situated near enough to a First-class 
Mechanical Town to secure any benefit that may be had therefrom, it 
is sufficiently fer out of it to be clear of the heavy local taxes with 
which such establishments in all large Towns are burdened. 

The site was fixed upon, and land piurchased to construct 
Workshops for the Sheffield and Manchester Railway only ; but subse- 
quent to the amalgamation of that Company with the net-work 
of Lincolnshire lines, and which now form the Manchester, 
Sheffield, and Lincolnshire Railways, more land was purchased 
and the Workshops increased in size to meet the wants of the joint 
Companies. The total quantity of land purchased is nearly Twenty 
Acres, about Nine of which is occupied by the Workshops and Store- 
yard, and the remainder is being used for the construction of 
Reservoirs for supplying the works with water, and for erecting 
Cottages upon for the workpeople in the Company's service. 

The block plan, Plate 21, shows the general arrangement and 
relative positions of the Shops, Cottages, Reservoirs, &c., the plot 
of land being bounded on the south by the Railway, on the east by 
the Peak Forest and Macclesfield Canal (also belonging to this 
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€(Hnpaiiy), and on the north adjae^it to the Manchester and Ashton- 
under-Lyne highroad. The Eeeervoirs are ealeulated to hold a 
month's consumption of water, and are supplied from the adjoining 
Canal, the water passing through filter beds in its course from the 
Canal to the Eeservoirs. These Beservoirs from their elerated 
position supply the water directly into the Tenders^ upon the 
Railway and throughout the Workshops, their position being suf- 
ficiently high to do this, and the Canal high enou^ to supply the 
Eeservoirs. The Cottages shown on the plan are 140 in number, 
arranged in four blocks ; and between the Cottages and Beservoirs , 
and the Workshops, is a plot of vacant land that may be used for 
increasing the number of Cottages, or for any other purpose that 
may be hereafter required. 

The plan of the works is nearly that of a square, the Watch- 
house or entrance being situated towards the Cottages on the east 
side of the works, as also is the rail entrance, and adjoining are 
the Offices and General Stores. 

The Engine-house or shed for woiidng Engines, Plate 23, is a 
rotunda of 150 feet in diameter inside, and will hold seventeen 
Engines with their Tenders, leaving the entrance and exit lines 
clear. The advantage in this description of building over the 
ordinary polygon is in the absence of pillars for supporting the roof, 
there being but one in the rotunda, while in the polygon, say of 
twelve sides, there would be twelve, and the number of pillars 
would determine the number of lines and consequently the 
number of Engines it will hold, while in the rotunda the number 
of lines is with the number of Engines, influenced only by the 
clearance required for each "other ; thus, the polygon would hold 
eleven engines with the entrance clear, while the rotunda will hold 
seventeen. 

To the left of the entrance is a furnace for lighting up the 
Engines from, and the points for the two lines to the table are set 
so that the Engines will (on entering) go upon the ri^t hand side 
of the pillar ; and thus, supposing them to enter Engine first, they 
must be backed into each line, which will cause the smoke box, or 
chimney end of the Engines, to be always nearest the table, and 
consequently in a right position for the tubes &c. being cleaned. 
The tumtablcsin the centre is 40 feet diameter, with two lines of 
rails upon it, one upon each side the Centre Pillar around which it 
moves The centre pillar is^of cast iron, the base forming the bed. 
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for the inner rollers of the turntable to revolve upon ; the top of 
the pillar is sufficiently large to receive the shoes for carrying the 
principals of the roof, and to which they are secured by bolts, each 
principal radiating from the centre of the pillar, and its opposite end 
resting upon the outer wall of the building. A collar is cast upon 
the pillar about 8 feet from the top, which was intended to carry one 
end of a circular travelling frame ; the frame being intended to 
revolve round the pillar, and the opposite end having a carriage 
running upon a circular rail beam, which was to have been supported 
by the pilasters built on the inside of the walls, the frame being 
surmoimted by a travelling crane in the usual way ; this however 
has not yet been carried out. The roof is of wrought iron, 
surmounted by a louvre, the top of which is glazed ; the whole 
forming a beautifully ventilated and well-lighted building. 

To the left of the rotunda are the workshops, with Engine-house, 
boiler, &c. The Fitting and Tool Shop is 120 feet by 60 feet, and 
contains the whole of the Tools, with the exception of the 
Punching and Shearing Machines. Two rows of Fitter's Benches 
are erected near the far end ; the Lathes, Drills, &c., are placed 
down each side, and have their coimter shafts carried by wall plates, 
built into the side walls, and the Planing Machines are placed in 
the centre, the whole being driven from two lines of Main Shafting 
passing longitudinally down the shop, one over the vertical shaft 
from the Engine, and the other equidistant from the opposite wall, 
this shaft being continued over the Shop Stores and passing 
over the Travelling Platform into the Carriage Shed for driving the 
Hoist therein. The Smith's Shop is next to the Fitting Shop, 
and is of the same dimensions, 120 feet by 60 feet; it contains a 
Fan and sixteen Smiths' Fires, eight of which are placed upon each 
side of the Shop, and if necessary three more can be placed at the 
ends. Next to this is the Boiler Shop, the same size as the Smithy, 
in which are erected eight smiths' fires, on the side next to the 
Smiths' Shop ; four boiler fires are placed upon the opposite side, 
and the punching and shearing machines at the entrance end, these 
and the fan being driven by a shaft passing from the Engine 
transvergly across the ends of the shops. Adjoining to the left and 
at right angles with these is the Erecting Shop, which is 160 feet 
by 60 feet, in this are nine transverse lines of rails, each line hold- 
ing two engines, down each side and the centre are pillars sup- 
porting longitudinal beams for carrying the Travelling Cranes one 
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upon each side ; both these Cranes traverse the full length of the 
shop, and are each calculated to lift an Engine and move it to any 
pait of the shop, if necessary. 

To the left, and bounding the west side of the works, are the 
Waggon and Carriage Shops, the Waggons being on the ground-floor 
and the Carriages above ; the carriages are lifted up and down by 
a self-acting worm-hoist, worked by the shop Engine, These 
rooms are 320 feet by 70 feet, the Carriage shop will hold thirty- 
eight carriages, and the groimd-floor about fifty waggons ; at the 
end of these are the lifting-room below, and the Trimming and 
Saddlery room above, each 60 feet by 70 feet. The lines in the 
lifting and waggon shops are served in common with the erecting 
shop by a travelling platform, 20 feet by 12 feet, running upon three 
rails at right angles with the lines in the shops. 

Opposite the lifting-shop, andformingpartof the south boundary, 
is a paint shop, 60 feet by 40 feet, and in continuation of this is a 
shed for working stock not required for present use ; this 
shed is 165 feet by 40 feet, and may be used for working 
engines if necessary. In a line with this and at the south 
east comer of the works is the Coke Shed, 100 feet by 40 feet ; this is 
so constructed that the Coke Waggons are on one side and the 
Engine on the other, the Coke being filled into baskets upon a plat- 
form between the Engines and Waggons, and transferred from thence 
to the Engines, the waggon line side of the shed is closed, as also the 
ends, but the Engine line inside of tlie shed is open, the roof merely 
projecting over the Engines, where they are being coked. 

The arrangement of the lines into and in the works, with the 
four sidings running parallel with the railway outside, is shewn by 
the block plan, Plate 21. 



Mr. Peacock observed, they had never experienced the 
slightest difficulty with the turn-table in the rotunda, or the two 
lines, during the two years that they had been at work. There 
was no danger arising from a want of balance on the turn-table 
when only one line was loaded with an engine, because each line 
of rails was carried by an independent pair of girders, supported 
by rollers, and joined together in the centre. They could turn an 
engine upon the table in about a minute, with three men, 

D 
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and it was sometimes done by two cleaners. The object in the 
arrangement had been to get as many engines in as small a space 
as possible, and they could find no other shape so w6ll adapted 
for the purpose, or into which so many engines could be got in 
proportion to the area^ with the same convenience and room 
for getting about them. The total area of the floor of the building 
is a little over 17,000 square feet, which is equal to 1,000 square 
feet of shed surface per Engine accommodated, with ample room to 
get conveniently around each« and leaving the entrance and lines 
clear. 

Mr. DocKRAY did not see what was gained by the oblique 
arrangement. At Camden-town the rotunda was 160 feet 
in diameter, and held 24 engines on the old arrange- 
ment, the space allowed for an engine and tender being 60 feet 
in the centre to turn. If the columns in that arrangement were 
placed sufficiently far back to get a clearance between the engines, 
he considered they would not lose any space. 

Mr. Peacock observed, that although the columns might be 
put so far back as to clear the lines, columns were always very 
objectionable and inconvenient at the side of the engines, and he 
thought the central column much preferable. 

Mr. GowPER suggested, that with a roof of only 150 feet 
span, the columns might be entirely done away with, and the cost 
not be increased more than £l per square. 

Mr. Peacock observed, with respect to lifting the carriages 
into the upper shop, that it was eflfected in two minutes by the 
worm hoist ; the time was not an object of importance, as there 
were only about two carriages raised per day. 

Mr. Gibbons suggested, that the air-lift might be very 
advantageously employed for the purpose. By a very small 
abstraction of power continuously going on they would procure 
a reservoir of power of large amount ready to be applied when 
requisite, and be enabled to lift the carriages in a quarter of a 
minute. There was one advantage in the employment of com- 
pressed air, that it was more under command than any other power, 
and more easily regulated. 

Mr. Peacock did not think that plan could be applied 
economically in the present case, as it would involve the expense 
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of a large reservoir ; the object had been to get something to 
answer the purpose as simple and cheap as possible^ and the only 
apparatus employed was a 1-foot worm working into a 4-feet 
worm-wheel. 

The Chairman proposed a vote of thanks to Mr. Peacock, 
which was passed ; and the following paper, by Mr. F. Bramwell, 
of London, was then read : — 

ON AN IMPROVED VACUUM GAUGE FOR CONDENSING 
ENGINES. 

Figure 2, Plate 20, represents the ordinary Long Vacuum 
Gauge where the mercury is contained in an uncovered cast-iron 
cup, in which is immersed a glass tube, open at the bottom end, 
but sealed at the top. A small iron pipe, with a stop-cock and con- 
nection to the Condenser, passes through the mercmy, and up the 
glass tube nearly to the top. By this pipe the air is exhausted firom 
the glass tube, and the mercury rises in it in proportion to the 
difference between the pressure of the atmosphere, and of the 
uncondensed vapour in the condenser. The objections 
to this gauge are, firstly — that it does not indicate the real 
pressure of the uncondensed vapour remaining in the Condenser, 
unless there is an opportunity of comparing it with a barometer ; 
and, secondly — that the mercury is frequently driven out and lost, 
by the stop-cock being left open, while blowing through previous to 
starting. These Gauges are also of necessity cimibrous, as they 
must be nearly 3 feet long, to shew the higher vacuums of 29 and 
30 inches. 

Figure 3, Plate 20, represents the Ordinary Short Vacuum 
Gauge, where a small glass tube closed at the top contains the mer- 
cury, and at the bottom is bent upwards, ending in a bulb which has 
a small orifice on its upper side. This tube is carefully filled in the 
same manner as the ordinary barometer, and is then attached to a 
scale entirely enclosed in a glass case, which is cemented to a brass 
cup, terminating in a stop-cock and a pipe, by which the connection 
is made with the Condenser, so that the air in the interior of this case 
is always at the same density as that in the Condenser ; and as the 
mercurial tube is only from 8 to 10 inches long, it is evident that 
the mercury will be held up in it by the pressure of the air in the 
glass case, until the density of it is reduced below that, which is 
equal to sustain a column equivalent to the height of the tube. 
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By this means, when it is required to shew only the higher degrees 
of rarefaction, as in steam engines, the gauges may be made 
extremely short and compact, and it is evident that they will always 
indicate the total pressure of the uncondensed vapour, irrespective 
of the state of the atmosphere. For these reasons this gauge has 
been very extensively used, and no doubt its employment 
would have been universal, had it not been for two objections. The 
first and gravest being, that the vapour from the Condenser deposits 
frequently on the inside of the glass case and forms a mist, and 
so dense a one, as not only to render it impossible to observe 
the height at which the mercury is standing, but to see even the 
scale itself. The second objection is, that if the stop-cock is not 
shut off previous to blowing through, the inside of the glass becomes 
filled with steam or hot water, and is very liable to be broken 
thereby. The joint between the glass case and the brass seat 
generally leaks, and this to such an extent that the gauge is almost 
always shut off, to prevent the vacuum being injured by the passage 
of air into the condenser. 

Figure 4, Plate 20, represents the Improved Short Vacuum 
Gauge. The principle is precisely similar to that of Figure 3, the 
difference being merely in the arrangement. Instead of immersing 
the whole of the tube and scale in a glass chamber connected with 
the condenser, the bulb only is enclosed in a brass cup, with a screw 
lid (on which the scale is cast), and the rest of the mercurial tube 
is passed through a stuffing box in the middle of this lid, protecting 
it firom injury by sinking it in a depression in the scale like a 
common thermometer. On tjie bottom of the brass cup is the stop- 
cock with the pipe, by which connection is made with the condenser, 
the same density is always preserved in it and the cup ; and thus, 
the pressure being removed from the surface of the mercury in the 
bulb, it of opurse falls according to the rarefaction ; a fall that 
can be always observed, as the tube containing the mercury is 
totally imcovered. By this means the first and great objection to 
the short vacuiun gauge is done away, and likewise the second 
which is common to both long and short, viz. — the risk of the stop- 
cock being left open while blowing through ; as with this gauge it is 
a matter of perfect indifference whether it is open or not, as the only 
thing that takes place if it is open, is that the brass closed cup is filled 
with steam, but this can neither blow out the mercury nor damage 
the gauge. In fact, those that the author has at work under his 
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own control are never shut off. As regards their leakage, he has 
been takmg every pains to get them as tight as possible ; and in 
this he has so far succeeded that the first one put to work, nearly two 
years since, on one of the pumping engines, at the Grand Junction 
Water Works at Brentford, retained the mercury at 29 inches, for a 
week after the engine stopped, and no doubt would have 
retained it to the present day, had it not been opened. The 
stop-cock is made with a hollow plug; this is done for 
neatness, and also to diminish the risk of leakage, as one end 
of the plug is by this arrangeriient contained in the pipe leading 
to the condenser. This could not conveniently be done with any 
other gauge, as there are none, it is believed, sufficiently light and 
compact to be carried by one point of support only, and that the 
plug of a cock. The author first had these gauges made in January, 
1849, and since then about thirty or forty of them have been adopted, 
and it is imderstood are all giving satisfaction. 

The above method of arranging the short vacuum gauge 
appears to be so obvious a one, that the author is quite prepared to 
hear that it is not a novelty to some of the members, although 
certainly one to himself It may be observed, as an apology for 
introducing such a simple matter, that the alteration in the arrange- 
ment, trifling as it is, has produced a neat and cheap instrument, 
that answers perfectly, in place of a rather unsightly and expensive 
one, that was frequently utterly useless from its being obscured 
by vapour condensing in it. 



Mr. CowPER observed, that the instrument was very efficient 
for the purpose intended. He could speak practically on this 
point, for it was not new to him, although he was not before aware 
of the existence of Mr- Bram well's invention. For three years he had 
had a pair of the same construction in use at Fox, Henderson, 
and Co.'s Works. They worked extremely well, and there was no 
necessity for shutting off* the cock ; he believed it was the idea of 
Mr. Field, of Birmingham, by whom those instruments were 
made. 

The Chairman thought that the instrument, though a simple 
alteration, was certainly a valuable improvement. 

Mr. Adams remarked, it was interesting to find different 
minds, when applied to the same practical subject, arriving 
at the same result. 
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The thanks of the meeting were voted to Mr. Bramwell, for 
his communication ; and the following paper hy Mr. Barrans^ of 
London, was then read : — • 

ON AN IMPROVED AXLE BOX FOR RAILWAY ENGINES 
AND CARRIAGES. 

The attention of the writer was first drawn to the present 
suhject hj the wearing of the Axle Bearings at their ends, and the 
great number of brasses that were in consequence thrown aside as 
useless before being half-worn through, the expense of repairing 
such as were retained for work, and the loss of time, as well as 
expense, incurred by the necessity of lifting both Engines and 
Carriages for the purpose of either renewing or repairing, and 
replacing the bearings so worn ; and in the consideration of this 
subject it becomes eyident that some portion of the accidents and 
a large amoimt of expense are to be attributed to this great source 
of mischief 

The Engines and Carriages in the early part of their work, 
whilst th« journals and wheels as well as the road are true, run 
steadily without deviating from the line of their course, whether 
straight or curved ; but the friction of the shoulder and collar of 
the journals against either end of the bearings causes wear upon 
the latter which increases in proportion with the amount of 
wear. A new motion endways of the Axle takes place, which, 
aided by the superincumbent weight, causes the shoulders and 
collars to strike as well as revolve, and to beat up the metal, which 
is then peeled or turned off by the subsequent revolution of the 
shoulder or collar against the bearing ; hence a twofold cause of 
destruction is created and actively in progress, the rate accelerating 
with the progress. This work of destruction goes on imtil to 

• 

avoid danger to the passengers or rolling stock, or complaints of 
discomfort, it becomes necessary to put a stop to it either by fitting 
in new bearings, or by turning up, or otherwise repairing the old 
ones. The turning up of the wheels of both Engines and Carriages 
is a work of frequent occurrence, occasioned by the rubbing or 
grinding of the tire, and striking of the flanges of the wheels 
against the rails, which observation and experience have proved to 
originate in the endway motion of the axles. That the expense 
incurred in rectifying this mischief forms a not unimportant item 
in railway expenditure, and the loss of time occasioned by it a 
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cause of considerable delay, is well known. Also the excess of 
endway motion being once commenced, its effects are ere long 
ehewn in the derangement of the Permanent Way ; and, as soon as 
the Permanent Way becomes out of order, its very derangement in 
itself becomes a cause of mischief, and combines in the general 
derangement and destruction of both way and machinery. 

Another evil of the endway motion in axles is the oscillation 
produced in the Engines and Carriages, which contributes by 
constant shaking and vibratory motion to the excess of wear, and 
the loosening of all the joints of their machinery, and adds to the 
force of the blow with which the flanges of the wheels strike 
against the rails, creating undue straming upon the guide plates, 
and tending to their fracture and excessive wear. This also adds 
to the chances of breakage of the axles by the lateral strain from the 
flanges of the wheels suddenly striking the switches and crossings 
in passing through them, as well as the main rails ; the effect of 
that sudden striking or blow being so much greater, and of so much 
more dangerous tendency, when it is aided by the weight of ihe 
vehicle and its load, and risking not only the probability of the fracture 
of the axle, but also of the vehicle when at hi^ velocity getting 
off the line. This oscillation also occasions much discomfort to 
passengers, and ground of complaint. Every time the flange of 
the wheel strikes against the rail, the speed of the vehicle is 
checked, and the progress of the train retarded, unless the check 
received be overcome by the exertion of a greater amount of 
propelling power than would otherwise be required ; hence a neces- 
sity arises for greater consumption of fuel, and a consequent 
increased expense is occasioned : and it may be remarked also, 
that by the shaking of the Engine arising from the endway motion 
of the axles, and the concussions of the flanges of the wheels 
against the rails, much of the firing is from time to time shaken 
out of the fire box, and wasted on the road, thereby adding to the 
consumption of fiiel. 

Fig. 1, Plate 23, shews a section of the Improved Axle Box. 
B is the end bearing -piece, fitted to slide in the boss L, and capable 
of being adjusted to any required distance from the end of the axle 
A, so as to allow the latter to revolve without friction, and at the 
same time preventing any excess of endway motion. The end of 
the axle is a little rounded, and is lubricated through the hole 
immediately above it; the bearing-piece acts eccentrically against 
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the end of the axle when in contact with it, for the purpose of 
ensuring its constant lubrication. The adjustment is effected by 
the hand pushing up the bearing-piece to the end of the axle, and 
then withdrawing it a short distance, so as to leave merely a slight 
working clearance between the two ; it is then fixed in its place by 
the point of the set-screw E entering one of the holes F, which are 
arranged in a spiral form round the bearing-piece, so as to allow of 
its being adjusted to l-32nd inch ; the set-screw is kept in its posi- 
tion by a jam-nut. 

Fig. 2 shews a method of applying the principle to existing 
axle boxes of railway stock, by bolting the boss L on to the front of 
the axle box. 

Figs. 3, 4, and 5, shew various modifications of the same prin- 
ciple. In Fig. 3, the end bearing-piece B is adjusted by means of 
the screw-socket C, which is fixed by a jam-nut and set-screw ; in 
this case the end collar of the axle joiunal is dispensed with. In 
Fig. 4 the adjustment is eflfected by the wedge D ; and in Fig. 5 the 
end bearing-piece B is made in the form of a wedge and slides 
between two guide-pieces, being pressed up by a screw. Several 
other modifications are employed to facilitate the application of the 
principle to the various patterns of axle boxes, either new or old. 

The modification shewn in Fig. 3 is, (with the exception of 
the Grit shield) that in which the improved Boxes were first 
applied upon the leading and trailing wheels of the Brighton 
Express Engine, which has worked with them upwards of 10,000 
miles ; and also upon a Carriage on the South Eastern Kailway, 
where the bearings were purposely made half an inch too short, to 
resemble worn bearings, by which means in a journey from London 
to Dover and back, the fact of its oscillation was first manifested, 
and in the course of the return to London, during a short stoppage 
at Ashford of the train in which it ran, the end bearing-pieces 
were adjusted, and the oscillation consequently ceased ; one of the 
axle boxes from this carriage is laid before the Meeting. The 
Engines to which the improved Boxes have been applied, have 
become in consequence so much steadier in running, that the full 
speed can be safely maintained over bad parts of the road, where 
before it was necessary to slacken speed. An important advantage 
is the facility with which the adjustment can be eflfected whenever 
required, without taking the engine or carriage out of the train. 



J 
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The next point is the Grit and Dust that is thrown up by the 
wheels or by the wind, finding their way between the journals and 
their bearings ; — the injury done by this cause is manifest in the 
result of heated axles and bearings, with their concurrent excessive 
derangement and wear, and the delays and expense attendant upon 
this mischief, and to remove this, the Grit Shield is designed in the 
ImjMToved Axle Box. The circular ring S is attached by two screws 
to the inner fiice of the axle box, and the corresponding ring T is 
keyed upon the axle and revolves with it ; the flanges of these 
shields interlock with each other without touching or causing any 
friction, and prevent any grit or dust from passing between them 
and getting to the journal. The grit shield is not applicable to 
Engines under the present form of their wheels and axles. 

The object of the remaining portion of the invention is to 
prevent the waste of the lubricating material used for the journal 
bearings, that occurs in the ordinary axle boxes, and to save the 
tallow and oil used for this purpose and work it over and over again, 
thus materially reducing one important item in the working 
expenses. An imder cap is slipped up into the lower part of the 
orcfinary boxes and fixed there by bolts passing through the sides ; 
this under cap (which in new axle boxes is cast in one with the box) 
forms the receptacle for the cast-iron Grease Drawer H, which 
slides in the lower part of the axle box and is secured by the spring 
catch K. The lubricating material passing over the journals, falls 
into the drawers, and may whenever necessary, by turning over the 
contents of the drawer into the top of the box, be used again and 
again, until its lubricating properties have become deteriorated ; 
when, by heating it gently in a vessel with a small quantity of water, 
the extraneous matter will sink to the bottom, and the grease and 
oil be separated at the top, purified and again fit for the purpose of 
.lubrication. By this means the large amount of saving has resulted 
in practice of from 5-6ths to 7-8ths of the tallow and oil passed over 
the journals, the material proving afterwards even of a better lubri- 
cating quality than at first, from the ingredients becoming more 
amalgamated. 

There is another material advantage attending this part of the 
invention, inasmuch as Oil, which is generally admitted to be a 
better lubricator, and more certain in its action than grease of any 
kind, has been mostly kept out of use, by reason of the great waste 
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attending it in ordinary axle boxes, and its being inapplicable in 
others ; but in these improved boxes, the whole material being 
caught in the grease drawer, and again retinned into the box, oil 
may be applied with great economy and advantage, always being 
ready and keeping up its gradual and constant supply; whereas 
with grease of any kind the axle must have become heated suffi- 
ciently to melt the grease before the latter can come into operation; 
and thus a serious mischief will have commenced, which by very 
small increase will, and does in practice, rapidly melt and allow to 
run away the only means by which the heat can be kept in subjec- 
tion, and frequently gives rise to lifting and repair and throwing the 
vehicle out of woric. Also in these improved boxes, by merely 
taking out the grease drawer, a convenient means is at once afforded 
of examining the state of the journals and boxes, which, with the 
ordinary boxes, it would require lifting to accomplish. 



Mr. Barrans exhibited specimens and models of the 
improved axle boxes, and specimens of the grease that had been 
used once and three times respectively; also certificates of the 
saving in tallow and oil, amounting to 8-4ths, and 7-8th8, that 
had been ascertained in a trial with these axle boxes on 
an Engine on the Brighton Bailway, and a Carriage on the South 
Eastern Bailway. 

Mr. Adams remarked, that he had foimd that waggons and 
carriages did not work well unless there was plenty of end-play 
in the bearings ; for if fitted up very close they were liable to 
heat. In the case of waggon bearings, he thought a play of 
3-16th8 of an inch was requiSte. 

Mr. Wright was of opinion that the more play was left in 
the bearings the more would be the wear; he thought l-16th 
inch was abundant. 

Mr. Henson observed, that he did not leave any end-play 
in waggon bearings ; on the contrary, so accurately were they 
adjusted, that red lead, or something of the kind, was employed 
to ascertain the complete fit ; in fact, they too soon acquired the 
play in the course of work. The only thing of importance was 
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Uie grit, but with reference to that they had scarcely any trouble, 
and in a stock of 2,500 waggons they very rarely had cases of hot 
journals. He used a very large grease chamber, and hence, 
although there was a large quantity of grease present, the bearing 
was kept so cool that there was very little demand for it. 

The further discussion of the subject was adjourned to the 
next meeting, and a vote of thanks was passed to Mr. Barrans 
for bis paper- 

The Meeting then terminated ; and in the evening a number 
of the members and their fidends dined together- 
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SUBJECTS FOR PAPERS. 



Steam Engine Boilers, particulars of construction — ^form — Cheating 
surface — cost — consumption of fuel — evaporation of water — 
pressure of steam — steam gauges, high pressure and low 
pressure— explosion of hollers and means of prevention — 
effects of heat on the metal of boilers, low pressure and high 
pressure — incrustation of boilers and means of prevention — 
evaporative power and economy of different kinds of fuel, coal, 
wood, charcoal, peat, patent coal, and coke — smoke consuming 
apparatus, best plan and results of working. 

Steam, expansive force and best means of using it — ^power obtained 
by various plans — comparison of double and single cylinder 
engines — indicator figures from engines, with details of useful 
effects, consumption of fuel, &c, — contributions of indicator 
figures for a general book of reference to be kept in the 
Institution. 

Pumping Engines, particulars of various constructions — size of 
cylinder, strokes per minute, and horse power — number and size 
of pumps and strokes per minute — application of pumps — ^fen 
draining engines. 

Blast Engines, best kind of engine — size of cylinder, strokes per 
minute, and horse-power — number of boilers — size of blowing 
cylinder and strokes per minute — means of regulating the 
blast — improvements in blast cylinders. 

Marine Engines, power of engines in proportion to tonnage — 
different constructions of engines — comparative economy and 
durability of different boilers, tubular boilers, &c. — weight of 
machinery and boilers, — kind of paddle wheels — speed 
obtained in British war steamers, in British merchant steamers, 
and in Foreign ditto, with particulars of the construction of 
engines with paddle wheels, &c. — screw propellers, particulars 
of different kinds, number of arms, material, means for un- 
shipping, horse-power applied, speed obtained, section of 
vessel. 

Rotary Engines, particulars of construction and practical appli- 
cation — details of the results of working. 

Locomotive Engines, express, passenger, and luggage engines — 
general particulars of construction, details of experiments, and 
results of working — speed of engines, cost, power, weight, 
steadiness — consumption of fuel — ^heating surface, length and 
diameter of tubes — experiments on size of tubes and blast 
pipe— comparative expense .of working and repairing — ^best 
make of pistons, valve gear, &c. 

Engines worked by Gas, Gun-cotton, or other explosive compounds. 

Electro Magnetic Engines, particulars and results. 

Water Wheels, particulars of construction and dimensions — ^form 
and depth of buckets — ^head of water, velocity, per centage of 
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power obtained — scoop wheels for draining — ^turbines, construc- 
tion and practical application, power obtained, comparative 
effect and economy. 

. Wind Mills, particulars of construction — ^number of sails, surface 
and form of sails — ^velocity, and power obtained — average 
number of day's work per annum. 

Flour Mills, particulars of improvements — ^power employed — ^appli- 
cation of steam power — results of working with an air blast — 
advantages of regularity of motion. 

Sugar Mills, particulars of the construction and working — ^results 
of the application of the hydraulic press in place of rolls. 

Saw Mills, particulars of construction — ^mode of driving — ^power 
employed — particulars of work done — ^best speeds for vertical 
and circular saws — form of saw teeth— saw miUs for cutting 
ship timbers. 

Oil Milijs, facts relating to the construction and working. 

Cotton Mills, information respecting the construction and arrange- 
ment of the machinery — ^power employed, and application of 
power — cotton presses, mode of construction and working, 
power employed. 

Machinery for manufacturing Flax, both in the natural length of 
staple and when cut. 

EoLLiNO Mills, improvements in machinery for making iron and 
steel — ^mode of applying power — steam hammers — piling of 
iron — plates — fancy sections. 

Stamping and Coining Machinert, particulars of improvements, &c. 

Paper Making and Paper Cutting Machines, ditto ditto. 

Printing Machines, ditto ditto. 

Calico Printing Machinert, ditto ditto. 

Wat£6 Pumps, facts relating to the best construction, means of 
working, and application — ^best forms — ^velocity of piston. 

Air Pumps, ditto ditto ditto. 

Hydraulic Presses, facts relating to the best construction, means 

of working, and application. 
Fire Engines, ditto ditto ditto. 

Sluices, ditto ditto ditto. 

Cranes, ditto ditto ditto. 

Steam Cranes, ditto ditto ditto. 

Lifts for raising Trucks, &c. ditto ditto ditto. 

Lathes, Planing, Boring, and Slotting Machines, &c., particulars 

of improvements — description of new self-acting tools. 
Toothed Wheels, best construction and form of teeth — results of 

working. 
Driving Belts and Straps, best make and material, leather, rope, 

gutta percha, &c. — comparative durability and results of 

working — ^power communicated by certain sizes. 
Strength of Materials — facts relating to experiments on ditto, 

and general details of the proof of girders, &c. — girders of cast 
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and wrought-iron» particulars of differeDt constructions, and 
experiments on them — ^best forms and proportions of girders 
— ^best mixtures of metal. 

DuBABiLTiY OF TiMBEB of various kiuds — ^best plans for seasoning 
timber and cordage— results of Kyan's, Payne's, and Biunett's 
process — comparative durability of timber in different situsr 
tions. 

Corrosion of Metals by salt and fresh water, and by the atmos- 
phere, &Q, — facts relating to corrosion, and best means of 
prevention. 

Alloys of Metals — ^facts relating to different alloys. 

Friction of various Bodies — facts relating to friction under ordi- 
nary circumstances — ^friction of iron, brass, copper, tin, wood, 
&c. — ^proportion of weight to rubbing surface — ^best forms of 
journals, &c. — ^lubrication, best materials and means of appli- 
cation, and results of practical trials — ^best plans for oil tests. 

Iron Eoofs, particulars of construction for different purposes — 
durability in various climates and situations — comparative 
cost, weight, and durability — roofs for slips of cast-iron, wrought- 
iron, timber, &c., best construction, form, and material. 

Fire-proof Buildings, particulars of construction — ^most efficient 
plan — results of trials. 

Ohimnet Stacks of large size, particulars, mode of building, &c. 

Beiges, manufacture and durability — ^fire-bricks and fire-clay. 

Gas Works — best form, size, and material for retorts — construction 
of retort ovens — quantity and quality of gas from different 'coals 
— improvements in purifiers, condensers, and gas holders — 
wet and dry gas meters — ^pressure of gas, gas exhauster — gas 
pipes, strength and durability, and construction of joints — 
proportionate diameter and length of gas mains, and velocity 
of the passage of gas — experiments on ditto, and on the fric- 
tion of gas in mains and loss of pressure. 

Water Works — ^facts relating to water works — application of power, 
and economy of working — ^proportionate diameter and length 
of pipes — experiments on fiie discharge of water from pipes, 
and friction through pipes — strength and durability of pipes, 
and construction of joints. 

Well Sinking and Artesian Wells, facts relating to. 

Coffer Dams and Piling, facts relating to the construction. 

PiEBs fixed and floating, and Pontoons, ditto ditto. 

Pile Driving Apparatus, particulars of improvements — use of steam 
power — facts relating to Pott's apparatus. 

Dredging Machines, particulars of improvements — application of 
dredging machines — ^power required, and work done. 

Diving Bells, facts relating to the best construction. 

Cast-Iron Lighthouses, ditto ditto. 

Mining Operations, facts relating to mining — means of ventilating 
mines, use of steam jet and ventilating machinery — ^mode of 
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raising materials — mode of breaking, pulverizing, and sifting 
various descriptions of ores. 

Blasting, facts relating to blasting under water, and blasting 
generally — ^use of gun cotton, &c. — effects produced by large 
and small charges of powder. 

Blast Furnaces— consumption of fuel in different kinds — ^burden, 
make, and quality of metal — pressure of blast — Ahorse power 
required — economy of working — improvements in manufacture 
of iron — comparative results of hot and cold blast. 

Heating Furnaces, best construction— consiunption of fuel, &c. 

Smiths' Forges, best construction — size and material — ^power of 
blast. 

Smiths' Fans, and Fans generally, with facts relating to the amount 
of power employed, and the effect produced. 

Coke and Charcoal, particulars of the best mode of making. 

Bailways— construction of permanent way — section of rails, and 
mode of manufacture— experiments on rails, deflection, dete- 
rioration, and comparative durability — ^material and form of 
sleepers, size, and distances — improvements in chairs, keys, 
and joint fastenings. 

Switches and Crossings, particulars of improvements, and results 
of working. 

Turntables, particulars of various constructions and improvements. 

Signals for Stations and Trains, and self-acting signals. 

Breaks for Carriages and Waggons, best construction. 

Buffers for Carriages, &c., and Station Buffers — different construc- 
tion and materials. 

Springs for Carriages, &c , buffing and bearing springs — ^particulars 
of different constructions, and results of working. 

Kailway Wheels, wrought-iron, cast-iron, and wood — particulars 
of different constructions, and results of working — comparative 
expense and durability — ^wrought-iron and steel tires, compara- 
tive economy and results of working. 

Railway Axles, best description, form, material, and mode of 
manufacture. 

The Council invite communications from the Members and 
their friends, on the preceding subjects, and on any Engineering 
subjects that will be useful and interesting to the Institution ; also 
presentations of Engineering drawings, models, and books for the 
library of the Institution. 

The communications should be written on foolscap paper, on 
one side only of each page, leaving a clear margin on the left side 
for binding; they should be written in the third person. The 
drawings illustrating the commimications should be on so large a 
scale, as to be clearly visible to the meeting at the time of reading 
the communication, or enlarged diagrams should be sent for the 
illustration of any particular portions. 
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PROCEEDINGS. 



The General Meeting of the Members was held at the 
house of the Institution, Newhall Street, Birmingham, on Wed- 
nesday, 23rd April, 1851, J. E. McConnell, Esq., Vice-Presi- 
dent, in the Chair, in the unavoidable absence of the President. 

The Minutes of the last General Meeting were read by the 
Secretary, and confirmed. 

The Chairman announced that the Institution had been pre- 
sented, by Mr. Peter HolKns, of Birmingham, with a copy of the 
bust that had been executed by him of the great engineer, 
Telford. 

The following supplementary paper by Mr. Joseph Barrans, of 
London, was then read : — 

ON AN IMPROVED AXLE BOX FOR RAILWAY ENGINES 

AND CARRIAGES. 

The construction and object of the improved Axle Box are explained 
in the previous paper, read at the last meeting of the Institution ; (see 
Report of Proceedings, January 22nd, 1851^ and Engravings, Plate 23 ;) 
the improvements consisting of an End Bearing-piece, of different con- 
structions, to suit the various circumstances of engines and carriages, 
which is adjusted nearly to touch the end of the axle, and to prevent 
end-play in the journal ; also a Grit-shield, to prevent grit or dust getting 
on to the journal; and a Grease drawer, to catch the lubricating material 
passing over the journal, and enable it to be used over again with 
economy. 

A modification of the Axle Box for Carriages has since been con- 
structed, to use oil instead of grease, as it is a better lubricating mate- 
rial, and more certain and regular in its action ; the oil being always 
ready, and keeping up a gradual and constant supply, but the grease 
re4uires the axle to be partially heated before it is melted, and can flow 
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on to the journal ; the Grease-drawer prevents the waste that would 
attend the application of oil in ordinary axle boxes. The cover of the 
box is made with a lip all round the edge, which shuts over the pro- 
jecting edges of the opening, so as to prevent any of the water used in 
washing the carriages or otherwise from getting into the box, as the oil 
being lighter than the water, would otherwise be lost out of the box 
if the water were allowed to get in. 

These boxes have been applied to a Carriage on the South Eastern 
Line, where it has been working, lubricated with oil only, for the last 
three months, perfectly cool and steady, and having neither required 
nor had any attention to the lubrication on any journey between London 
and Dover, between which places it has run alternately in the Mail and 
express Trains ; and in an accurate experiment, tried for the continuance 
of a week, during which it ran 1092 miles, it was found that rather 
less than half a pint of oil had been consumed in lubricating the four 
boxes. The Dover Mail Engine, with these boxes applied to the 
leading wheels only, has been working for the last five months lubri- 
cated with oil only, and running cool and steady ; these boxes have 
also been working on three Engines on the Brighton Eailway, one of 
which has run with them 14.260 miles, (these Engines being lubri- 
cated with oil and grease,) producing great steadinesss of running, and 
giving perfect satisfaction, which they continue to do to the present 
time. An experiment on one of these Engines showed that in one week, 
during which it ran 1004 miles, out of three pounds of tallow and two 
pints of oil, delivered out of store for lubricating the two leading 
boxes of that Engine, 3 lbs. 6 oz. of mixed oil and tallow was caught in 
the grease-drawer, and returned into store, besides a pound of tallow 
and oil left in the tops of the boxes, thus showing a saving of seven- 
eighths of the total quantity. These boxes have also since been applied 
to a first-class Carriage, and to a Break-carriage of the Brighton 
Express Train, lubricated only with oil, with the old worn bearings con- 
tinued in the boxes, and in a week's daily running from Brighton to 
London and back, half a pint of oil only having been supplied to each 
box ; less than one half the quantity so supplied was consumed, and 
these carriages ran perfectly steady and cool. 
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Mr. Barrai^js exhibited a specimen of the axle-box arranged to 
work with oil ; and stated that, by the plan adopted, they found 
an important saving was effected in the cost of the lubricating 
material, and in the trouble and attention required for the 
journals. 

Mr. CowPER inquired whether, as the brasses wore, and the 
adjusting piece was screwed up to follow the wear, there would 
not be a displacement of the axle-box, and a strain thrown on 
the axle-guards and the spring- ties ? 

Mr. Barrans said that there would not be any displacement 
of the axle-box, as the effect of the adjustment was simply to 
maintain it always in the same correct position that it had when 
first started, and to prevent laterd movement taking place when 
the brasses had worn shorter. He did not allow the adjusting 
pieces to bear so as to occasion friction, and there was a- slight 
clearance always left at the ends of the axle. 

Mr. Slate observed that, when the ends of the brasses were 
worn, the collars of the journals would be useless. 

Mr. Barrans replied, that no collars were required on the 
journals with his axle-box ; and he proposed in new axles to make 
the journals quite plain without collars, as shown in one of the 
drawings, (see Fig. 3, Plate 23.) 

The Chairman inquired whether they had had any particular 
comparison of the steadiness of the carriages where this axle-box 
was used, over the other similar carriages where it was not used ? 

Mr. Barrans replied, that in the engines where the box was 
in use, the running was unusually steady ; the engine-drivers were 
able to increase the speed in consequence in passing over the 
curves and the worst parts of the line ; and the guards reported 
that the carriages ran much steadier than before that are fitted 
with the improved axle-boxes. He had endeavoured to try a 
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more accurate comparison by the oscillation of a pendulum across 
the carriages, but could not succeed in obtaining a result. 

The Chairman said some more definite comparison than the 
opinions of the men was required, as there were many circum- 
stances to render them erroneous on such a question. 

Mr. Adams thought they would still have some end-play, 
from the springing of the axle-guards, or play in the hanging of 
the springs, although the play was stopped in the bearings. 

Mr. Barrans replied, that the end-play given by the ordinary 
clearance between the flanges of the wheel and the rails was quite 
sufficient, without having end-play in two places, which would be 
of no use ; and he thought it was much better to have the end- 
play only in one place at the flanges of the wheels, where it was 
unavoidable. He had only one-sixteenth of an inch play in the 
axle-guards. 

Mr. Adams said he always sent out carriages with the brasses 
closely fitted to the journals; but, after a time, they always got 
end-play, by the wearing away of the metal. He eased the end 
blow by having a differently formed shoulder to that adopted by 
Mr. Barrans ; instead of a square shoulder, which injured and 
abraded the metal with the end blows, the shoulders were well 
rounded with an easy hollow, so as to make the brasses wear 
longer, and ease the force of the end blows ; but with Mr. Barrans' 
centre pin there would be a sudden end blow. 

Mr. Slate showed, by one of the specimens of brasses exhi- 
bited, that the shoulders of the journal were liable to wear into 
the ends of the brasses. 

Mr. Hen SON said he had break- waggons at work that had tra- 
velled 1 5,000 to 25,000 miles without the brasses being changed ; 
and at the conclusion of that period some of the brasses wore so 
little worn as to be put in again. These waggons ran so steadily 
that a small print could be read in them ; he objected to any end- 
play, and considered that he effected the same result as Mr. Bar- 
rans without any complication or expense, by making the brasses 
always a good fit at starting. 

Mr. Barrans showed that, when brasses were worn too much 
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the end-play would be stopped at once by the adjusting piece, 
without removing the brasses or lifting the waggon ; the clearance 
was so small at the ends of the axle that there could not be any 
end blow. 

Mr. Henson thought that Mr. Barrans' plan would increase 
the friction of the axles, and produce complication. 

Mr. Sandom said, checking the end play enabled an engine 
to be driven without slackening speed over the bad parts of the 
road, and the men who had driven engines, in which Mr. Barrans' 
invention was in use, stated that they went over the bad parts and 
crossing?^ withoT;it checking speed, which they could not do before 
that plan was applied. 

The Chairma^n remarked, that such evidence was, of course, 
very indefinite, and to be jseceived with caution, as the opinions 
were often formed without sufficient data. 

Mri Henson thought the saving in the brasses would not be 
worth the expense of applying the apparatus to every axle-box, 
which would be very considerable in a stock gf 2500 waggons on 
a railway, or 10,000 axle boxes. 

Mr. CowPER said, the real question wa^ in the comparative 
expense of lifting the waggons and changing the worn brasses 
when they got too much play, or of merely screwing up the 
adjustment whilst the waggon was still kept at work. 
U^. The Chairman observed, that the object of Mr. Barrans' plan 
was to keep the axles of engines and carriages from getting end- 
play in the journals and swerving sideways, as in a certain time' 
whatever care might be taken in the original make, the brasses 
would wear, and injurious end-play would take place. If they 
could keep the carriage steady on the axle, prevent that oscilla- 
tion which more or less generally occurred, and keep the axle 
bearings always' right, instead of gradually wearing away and 
getting wrong, they would accomplish a great benefit for the 
railway interests, and the comfort and safety of the public ; and if 
Mr. Barrans' invention prevented the necessity of taking out and 
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changing the brasses for that porpose, it appeared to he advan- 
tageous. It might be, perhaps, that they were not changed soon 
enough now, on acconnt of the trouble and expense ; and it 
appeared better to keep them always in right adjustment than to 
allow them to get gradually wrong. He thought Mr. Barrans 
had taken much pains with the subject, and that the Institution 
was indebted to him for bringing it before them ; some further 
improvements mig^t perhaps arise in the invention, or some other 
means be proposed for accomplishing the object. 

Mb. Adams suggested the consideratioD of such a form and 
depth of shoulder to the journal, as at the end of a series of years, 
would be in the some position as at the commencement, and that 
would wear equally at the shoulders and in the middle of the 
bearing, so as to keep them always in the same adjustment of 
play as at first 

A vote of thanks was then passed to Mr. Bamms for his com- 
munication ; and the following paper, by Mr. Benjamin Gibbons, 
of Shut-end House, neai Dudley, was then read : — 

ON THE VENTILATION OF MINES. 
The public attention has been much more directed within the 
last three or four years to the Ventilation of Mines, and a knowledge 
of the general principles has been more extensively diffused ; the 
inquiry before the Committee of the House of Lords in July, 1849 
andtheEeports of the Mine Inspectors, aince published, have thrown 
some light upon the manner in which most of the Mines are ven- 
tilated, and have pointed out some of the erroneous principles upon 
which many are conducted. 

That this Paper may not be extended to an inconvenient length, 
the Author will confine himself as strictly as possible to the principles 
t, should never be lost sight of in the Ven- 
ining such illustrations as to some of the 
practice, that may be necessajry to make 
He will also eoitfine himself as much as 
ir Tm-yard Co<U of the South Staffordshire 
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District, (varying from 24 to 30 feet in thickness ;) observing at 
the same time that the principles are equally available to the 
thinner veins of other districts ; for it is obvious that it is 
much more difficult to drain the upper part of the Coal of the great 
thickness of 30 feet, of its Carburetted hydrogen, than that of 
thinner veins. This arises from the great levity of the Carburetted 
hydrogen issuing out of the Coal, (which is the explosive Gas found 
in Coal Mines ;) for it will always rise to the highest point as soon 
as it is released ; and it is plain that in excavating Coal of this 
great thickness, large masses must be detached, and pockets or 
hollows must be formed, which are instantly filled with this gas, 
whilst a thin vein in which a level roof can be generally secured or 
nearly so, can be kept free from accumulations of this gas with much 
greater facility. 

In December, 1846, in consequence of a frightful explosion 
taking place at Oldbury, the Author was induced to publish a small 
work which was written currente calamo, and which described the 
principles of Ventilation adopted and practised by him for many 
years before in the thick and thin mines that were worked under 
his personal superintendence. 

The introduction of the subject was very unpopular amongst the 
Proprietors of Mines generally, who dreaded the threatened inter- 
ference of Government with their operations. This Work only 
professed to enter into the question of the Ventilation of the South 
Staffordshire Thick Coal ; but from the apprehension referred to 
above, the Author was assailed from all quarters ; correspondents 
from Newcastle-on-Tyne, Newcastle-under-Lyne, Shropshire, North 
and South Wales, containing Mines of very different character, and 
which had never been alluded to by him, all united in one general 
protest against such outrageous innovations ; and if he had pro- 
mulgated a Bull from the Pope, a greater outcry could not have been 
raised. Some said he was an ignorant innovator; others, a mere 
plagiarist; but it was generally settled by these worthy philosophers 
that he did not know what he was talking about, and pretty 
generally agreed that he was wrong on all points, and right upon 
none. 

The Author will first recapitulate the substance of a part of his 

B 
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work, stating in addition the results of a confirmed experience upon 
a much larger scale, and a slight notice and reply to some of the 
the objections to his plan which had a plausible appearance (for he 
believes not one was real ;) as he has since brought his plan as then 
described into uniform practice, and the methods of Ventilation 
that he recommended are now adopted throughout all bis Coal and 
Ironstone Mines in South Staffordshire with complete success, and 
very satisfactory results both in working the Thick or Ten Yard 
Coal and the thinner veins. 

The numerous and calamitous accidents caused by the Explosion 
of Gas in Coal Mines, which are unfortunately still so frequent and 
destructive both of life and property, render it an object of 
great importance for Mining Superintendents, Engineers and others, 
to invent some efficient and certain means of preventing the occur- 
rence of these explosions ; many plans have consequently been in 
practice for accomplishing this object, both by mechanical contri- 
vances and by self-acting natural means. 

That many sources of possible accident, and many of them 
beyond control, will still remain, especially in working a Coal of 
thirty feet in thickness, is most true; but it is the more incumbent, 
on this account, upon the managers of Collieries to provide the best 
practicable means against those dangers which they alone can 
remedy, especiaUy that most appalling of all dangers, the imperfect 
Ventilation of the Mines. This danger being removed, a great 
diminution of the other accidents which indirectly arise from it 
would soon be experienced ; and the Author is fully convinced, 
from the experience of many years, that this danger may be at once 
greatly diminished, and eventually almost entirely prevented. 

The Carburetted Hydrogen Gas, which produces these dreadful 
explosions, is not explosive until it is united with a certain propor- 
tion of ordinary Air, say seven to nine times its volume ; when this 
mixture has taken place, it arrives at what is termed its " firing " or 
explosive point, and in that state, if it come in contact with the 
flame of a candle, it will instantly explode with similar rapidity and 
violence to gunpowder. A considerable volume of this Gas is set 
at liberty in all the Thick Coal Mines, when worked in the usual 
manner, and as often as fresh masses of coal are cut through. Some 
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Coal Mines supply a much larger quantity of Gas than others, and 
these are commonly called *• Fiery Mines; " hut in all Coal Mines a 
sufficient quantity is extricated to produce the most direful con- 
sequences, if it he not neutralised, or its escape duly provided for. 

The general mode is that of diluting the Gas with a quantity of 
atmospheric Air ; and a current of Air equal to thirty times the 
voliune of Gas yielded by the Coal is, in the Author's opinion, the 
bare limit of safety. That is to say, thirty cubic feet of common 
Air must circulate through the Mine in the same space of time 
that the Coal will give out one cubic foot of Gas ; but the quantity 
' of Air should exceed this where this mode of Ventilation is 
practised, for a copious supply of fresh Air is needful for the 
numerous workmen, horses, and candles, employed in the pit. 

Many mechanical plans have been recommended to increase the 
current of Air through the Mines for this purpose ; some have 
recommended Air pumps to force Air in, others exhausting Pumps 
to suck the Air out, and thus produce an artificial current of Air 
throughout the workings for the purpose of diluting and expelling 
the Gas that has been allowed to issue into the workings. These 
plans theoretically may be very true ; but it is to be observed, that 
the current of Air must be constantly maintained, and in the 
practical application, the Engine that works these Pumps or other 
Mechanical m^ans may get out of order ; a rod may break, a valve 
may obstinately stick open when it ought to shut, and then what 
becomes of the lives of those individuals depending upon the due 
action of every part of the Machine. This fatal objection attaches 
to all mechanical plans for ventilation ; and indeed to all artificial 
modes, where the power of Ventilation is not self-acting, but requires 
the constant action of Machinery or the constant aid of Men ; even 
including the ordinary plan of rarefaction of the air by a separate 
fire, which may be out when it ought to be in ; and ought not to be 
relied upon as the sole protector^ though it will be in some circum- 
stances an useful auxiliary. 

Therefore we should avail ourselves of the natural powers that 
are at our command as far as possible ; as in this instance the 
extreme levity or natural ascensive power of the Gas from which we 
wish to rid the Mines, supplies us to a considerable extent with 
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the remedy required. But cases may arise where other auxiliaries 
may be temporarily required from accidental displacements of the 
level of the mine ; (though in the Author's opinion these cases may 
be reduced to a few, if the Mines are opened out and worked upon 
a proper system, as will be further noticed in this paper ;) and 
under these circumstances, it may be necessary to employ Heat to 
rarefy the Upcast current of Air, to make it specifically lighter than 
the Downcast, or Mechanical means to force Air in or to extract Air 
from the mines may be required. Where Artificial Heat is made 
use of, a Steam-jet from the boiler of the winding engine is the 
most secure method, because the steam being supplied from the 
boiler of the winding engine, it is clear that the steam is always at 
command, whilst the pit is at work. If Mechanical means should 
become necessary, Mr. Struve*s exhausting cylinders supply the 
most powerful and effective apparatus that has fallen under the 
Author's notice. 

The object of the present paper is to show that there is a constant 
self-acting power available, which experience has shown will afford 
the desired protection in ordinary temperatures, in the majority of 
cases ; because the Carburetted Hydrogen of the Mines being less than 
half the weight of Common Air, (it has an equal ascending power 
to Common Air heated to 512 degrees, being of the same specific 
gravity,) will always rise to the highest parts of the Mine, and would 
escape with great velocity, if permitted to do so, forming in the 
aggregate a very large ascending power, as exemplified in the 
balloon ; but in the ordinary system of working this escape is 
unprovided for, indeed absolutely prevented. 

The ordinary system adopted in the Collieries of this district is 
shown in Plates 24 and 25 ; two shafts are sunk near together, about 
7 to 7 J feet diameter, each to the bottom of the Coal, say about 180 
yards depth ; the two shafts commencing at the same level and termi- 
nating at the same level. One of these becomes the " Downcast pit," 
down which the Air descends, and the other the " Upcast pit," up 
which the Air ascends, when a commimication is made between 
them at the bottom; but the only determining causes for the 
motion of the Air being accidental, it is unknown before hand what 
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direction the current will take, and which will become the downcast 
pit. It is generally found that a current of Air does take place, 
(it may almost be said always takes place) without any other 
means being employed ; but the determining power is so faint, that 
issuing from the upcast pi^with such trifling velocity, it is liable to 
be deranged by the action of the wind or by atmospheric changes, 
and it sometimes happens that the Air becomes quiescent, or an 
unsteady column, alternately ascending and descending the same 
shaft; and then, in Miner's language, the Pits "fight," and the Air 
will neither ascend nor descend with regularity in one direction. 
But worst of all, the course of the Air will be sometimes inverted 
or *• turned ; " that which should be downcast pit becoming the 
upcast; and the mine then becomes exposed to the most fearful 
results, where the workings have been opened, by the Air being 
driven backwards along the Airhead into the reservoirs of Gas 
formed in the upper cavities of the workings, and issuing into the 
Gate-road charged with the Gas to the firing point, causing an 
explosion, of which many familiar instances might be adduced. 

The danger of this change in the direction of the Air cturent 
is seriously increased by the upcast Pit being used as a working 
shaft. The upcast Pit, which is in fact the main Gas and Air way, 
and which ought always to be closed from the external air, and the 
ascending air ciurrent guarded from disturbance or commotion, to 
prevent the slightest interruption to the current of air upon which the 
lives of all depend, is kept in a state of constant agitation by the 
ascent and descent of the " skips " loaded with Coal, which nearly 
fill the shaft. To crown this, when every skip arrives at the top of 
the shaft, a carriage boarded over, called the "runner," is wheeled 
over the mouth of the pit whilst the Coal is landed, and then with- 
drawn to allow the skip to descend. It is obvious that the air, which 
should never be disturbed, is thus constantly liable to be in con- 
flicting currents more or less, sometimes upwards and sometimes 
downwards, and whenever the Mouth of the Shaft is covered by the 
runner, the air is in a state of partial stagnation. But it sometimes 
occurs that the chain or tackle by which the skip is suspended 
breaks during the ascent in the upcast Shaft ; the skip then drops 
down the shaft, drives the air before it with great velocity along the 
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Air-head, and forces the Gas out of the cavities into the Workings 
downwards upon the candles of the workmen ; and this the Author 
has known to happen many times. 

When the two Pits are sunk down through the stratum of Coed 
80 feet fh thickness, a "Gate-road" o/ Horse-way is next driven 
in the hottom of the Coal from 8 to 9 feet high, and ahoutthe same 
width, commencing from the bottom of the downcast pit. 

At the same time (or rather before, as it should always precede 
the Gate-road) an Air-head is driven about the middle of the Coal, 
or 15 feet hi^ from the "floor" or bottom of the Coal, commencing 
from the downcast pit. The Gate-road and Air-head are then 
driven in parallel lines at the same level upon which they commence, 
for the distance of 100 to 600 yards or more, according to the 
quantity of Coal intended to be cleared by the Pits. 

A series of " Spouts " or openings are driven upwards from the 
Gate-road into the Air-head at intervals of each 10 or 15 yards, (as 
the Coal may give out more or less Gas,) which carry ofiF the Gas, 
and produce a current of Air for the workmen, each spout being 
closed up when a new one is made in advance. The excavation of 
the whole thickness of the stratum of Coal 30 feet thick is then pro- 
ceeded with, by opening right and left from the end of the Gate- 
road, and excavating a "side of work" which forms a square cavity, 
say about 90 yards long by 50 yards wide, or about an acre; the 
whole of the Coal being taken away as far as practicable, excepting 
the "Pillars" of Coal, generally 10 yards square, and 10 yards 
distance from each other, which are left to support the superin- 
cumbent strata. 

The Air descending the downcast pit, and travelling along ^e 
Gate-road into the Workings, ascends to the Air-head, and travers- 
ing that, ascends the upcast pit, carrying with it the Gas and impure 
vapours, as far as such imperfect and interrupted means will effect, 
and delivering them into the open air. 

By this plan, we may contrive, where this system is adopted, to 
ventilate the mine, though imperfectly, until the lower 15 feet of 
the Coal is excavated ; but where the whole thickness of the Coal 
above the Air-head has been removed, by undergoing the Coal from 
the bottom, and dropping it down in large masses, the upper portion 
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of the cavity being above the level of the Air-head forms a reiervoir 
for Gas, which gradually accumulates, and has no means of escape; 
a reservoir of the capacity of some hundred thousand of cubic feet, 
which may be wholly or in part occupied by Gas. An accidental 
change in the current of aAr, the direction becoming reversed as 
before observed, which does occasionally happen, (arising from 
many causes, such as mere changes in the atmosphere, as well as 
the cause mentioned before, of the breakage of the tackle, and 
sudden fall of the skip down the shaft,) would turn the course of 
the air along the Air-head into this reservoir of Gas, and from 
thence into the Gate-road ; and then, if a portion of the air became 
charged with gas to the firing point, an explosion would inevitably 
ensue. After the Coal is extracted, a solid wall or "rib" of Coal, 
from 6 to 10 yards thick, which is commonly termed a "fire rib," is 
left all round the chamber, separating it from the next workings, 
and the entrance from the Gate-road is securely walled up to exclude 
the air, and prevent spontaneous combustion, which would other- 
wise in a short period take place. When an explosion occurs, it is 
generally followed by a second or more, as portions of the Gas 
become successively charged with the due proportions of Air ; and 
the liability to these terrible explosions will always remain in mines 
thus worked, till by some efficient means the Gas can be allowed a 
continuous escape by its own levity, and a current of air for the 
necessary purposes of life and light can be ensured to move always 
in one direction, with sufficient power to overcome all extraneous dis- 
turbing forces, either of the wind or any atmospheric changes. 

Plates 26 and 27 show the system adopted and carried into opera- 
tion by the Author. One Pit only is sunk instead of two, and in the 
side of the shaft a smaller shaft is cut to form an "Air Chimney," 
and is afterwards separated from the main shaft ; this Air Chimney 
circular, and may be made about 8 feet diameter inside, or more, as 
may be required. This is done simultaneously with the sinking of 
the shaft, and it very little impedes the rate of sinking, as an 
additional man has room to work in it, and he keeps pace with the 
sinkers of the shaft. This Air Chimney is bricked at the same 
time with the Shaft, the circular brickwork of each forming a parti- 
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tion of double thickness and secure strength, from the two arches 
abutting against each other. 

This Air Chimney is carried from the top to the bottom of the 
Shaft and is sufficient to cany o£f all the Gas and such quantity of 
Air as may be required in the mine. The men carry always an 
abundant supply of air mth them, and the efficiency of the Air 
Chimney is strikingly displayed in sinking the Shaft ; when die 
ordinary pits are sunk, after a charge of Gunpowder has been fired 
in blasting such measures as require it, (and most of them do,) a 
considerable space of time elapses before the smoke is sufficiently 
dissipated to allow the sinkers to descend and renew their work ; 
but when the Air Chimney is used the smoke is at once dispersed, 
and before a man can reach the bottom of the Shaft, it is carried 
away by the Air. 

The Gate-road is driven from the Shaft at the bottom of the 
Coal as in the ordinary plan, but the Air head is driven from the 
Air Chimney within two feet of the top of the Coal, or higher if 
practicable, the vertical Air Chimney terminating at the level of the 
horizontal Air-head. The Gate-road and Air-head are carried for- 
wards in a parallel direction to the extent of the work, as before 
described in the ordinary system ; and " Spouts " or openings are 
driven upwards to connect them, at about every 16 yards, in the 
same maimer as before described, every spout being bricked up close 
in succession, when a fresh one is made in advance, so as to make 
the current of Air traverse th^ whole extent of the Gate-road before 
it rises up to the Air-head and passes away to the Air Chimney. 
These spouts can only be driven perpendicularly upwards frx)m the 
Gate-road to the Air-head, and each of them being about 18 feet 
long in the 30 feet Coal, a formidable practical difficulty was 
experienced by the Author in the King Swinford Pits, where the 
Coal being contiguous to a great fault, it abounded in Gas to so 
great a degree, that when a spout was carried up a very few feet, it 
became so filled with Gas that no man could work in it. £ut to 
show how small an aperture is necessary for the escape of the Gas 
in its undiluted state, this difficulty was overcome by boring upwards 
from the spout a hole four inches diameter into the Air-head ; the 
Gas fled off instantly, followed by a stream of Air sufficient to ven- 
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tilate the Gate-road and to enable the men to work with Candles in 
the spout with perfect safety. 

The excavation of the Coal is commenced in the same manner 
as in the ordinary system, by driving at right angles from the end of 
the Gate-road, to begin a ** side of work, " and the ventilation is 
carried on completely and continuously from the extremity of the 
working, whilst the whole of the Coal to the top is removed. The 
whole of the Gas is constantly drained off from the upper surface of 
the Coal, by the Air-head and the numerous spouts or cross 
drains, which remain all open to the Air-head by means of a 
small pipe-hole left in the stopping as they are successively stopped, 
and which constantly drain off the Gas most effectually, by piercing 
through and cutting the horizontal layers of Coal, and thus tapping 
the several strata at so many different points. The process resembles 
that of draining a bog of its water by cutting two main parallel 
drains, thus dividing the whole into a series of square portions ; but 
the Gas will escape with a greater facility than water, and is carried 
off by its own levity, causing a rapid current in the Air-head without 
the assistance of an artificial current of Air, as fast as it is released 
by the removal of fresh masses of Coal, which is a circumstance 
giving all the necessary facility for rapidly draining the Coal. By 
this system the danger of any accumulation of a reservoir of Gas in 
the cavities of the upper part of the workings is effectually prevented- 

That the Gas is lighter than the Air must have been known ever 
since mines have been worked ; but, as far as the Author*s knowledge 
extends, no other practical mode has ever either been adopted or re- 
commended to effect the purpose of draining off the Gas. Boring holes 
from the surface through the Coal was one plan suggested ; but inde- 
pendently of the utter inefficiency of the plan, the expense would be so 
enormous as to put that wholly out of the question ; added to which, the 
holes would be in almost all instances filled up, either by earth falling 
into them, or by water lodging in them, which would render them 
useless. 

Another plan which has been suggested, has been to drive an Air 
way or road all round the area of Coal which has to be got, in the same 
way as a fosse might be made round a fortified place ; the Author 

c 



18 VENTILATION OF MINES. 

believes it is all but impossible to drive such an Air- way at all ; but, eveo 
if it could be driven, it would be perfectly useless ; such an Air-way 
would not drain the Coal to 10 yards distance, and would leave the 
whole interior of the mine intended to be got charged with Gas in its 
original state ; and unless the whole of the horizontal veins of the Coal 
were cut through, from the top to the bottom of the Coal, the Gas would 
not be extracted from the Coal, even within that distance ; consequently, 
this plan may be pronounced equally impracticable and useless ; for it 
cannot be too frequently impressed upon the attention, that Gas will 
not pass vertically through the Coal, but only from the horizontal layers 
or divisions. 

A Plan was suggested by Mr. Kyan to drive a Gas drift along the 
cross or upper edge of the area of the body of coal intended to be 
worked, or encircling the coal in some cases, under the mistaken idea 
that the Gas, from a distance even of a mile or more, would rise to the 
highest point of the Mines, and the Coal be thus gradually drained. 
Laying aside the question of expense, which would be a sufficient 
objection, such a Gas Drift, even if it had intersected the Coal 
through the whole thickness, would have had no effect whatever; for 
nothing short of dividing the Coal into sections or squares of not more 
15 yards thickness would be of the least service, and that must be 
done vertically and horizontally, for the first Slip or Black Face will 
intercept the release of the Gas, as any smooth face forms an 
impervious barrier to its passage. 

In the ordinary system of ventilation, it is manifest that only a 
very slight determining power compels the Air to travel constantly 
in the same direction ; its current is at all times weak and insufficient, 
and liable to be deranged by the action of the wind or atmospheric 
changes, and it is under no command whatever. To ensure safety, 
a constant current of Air is indispensably necessary ; it should be a 
current, too, maintained by natural causes, as far as possible, and never 
interrupted, for the reasons already assigned, and should be one 
that will not vary or fail. 

To effect this, the ascending Column of Air must be rendered 
specifically lighter thftn the Air of the descending column, which cir- 
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culates through the workings, and this diflference of specific gravity 
must be maintained constantly free from disturbance by accidental 
causes, and to such an extent as to produce under all circumstances 
a total amount of propelling power that is found sufficient for the 
complete ventilation of the mine. This is accomplished by con- 
ducting the whole of the Gas in a continuous ascending column, free 
from interruption or disturbance up the separate Air Chimney ; and 
this ascending power is fiu'ther increased by erecting a " Ventilating 
Chimney," of a sufficient height on the surface of the groimd, into 
the base of which the Air Chimney is continued, so as to form one 
iminterrupted Air-flue jfrom the top of the Ventilating Chimney 
down to the Air-head in the seam of Coal. By this means a long 
experience has shown that a constant draught is established and 
secured, with the occasional aids of a small Fiunace or Steam Jet, 
which is amply sufficient in all ordinary cases to defy wind and 
weather, and also to produce a current sufficiently strong that it may 
be split, and such portions withdrawn from the main stream of Air 
as may be found requisite to carry on the preparatory work to 
maintain the get of Coal. 

The Air in the Gate-road and Workings is warmed above the 
temperature of the Air on the surface, in ordinary mean temperatures, 
by the heat of the earth, and is consequently rarified ; this is aided 
much more than would be generally supposed by the heat pro- 
ceeding from the numerous workmen, horses, and candles, employed 
in the mine, and the further current caused by the escape of the 
gases which are specifically lighter than the Air. The Air-head 
forming an uninterrupted and continuous passage into and through 
the Air Chinmey from the Workings, and delivered into the Ven- 
tilating Chimney, and a draught is constantly maintained sufficient 
for all usual purposes. The weak power of draught that exists in 
the old system is materially diminished by the upcast shaft being of 
a larger size than the Air-head through which the air must pass, and 
open to the external Air, and thus cooled down below the tem- 
perature of the Air after it has travelled through the mine. The 
ascending current in consequence of the large area of the upcast 
shaft as compared with the Air-head is languid and slow, which is 
another decided objection : whereas, in the Author's judgment, the 
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«• 
ascending current should have considerable velocity, and much more 

important advantages arise from this cause than philosophers either 
account for or will admit. 

Cases may occur in which it is desirable, for temporary purposes, 
to increase the draught, either when the external sdr is at a very high 
temperature or from other causes, and this at once obtained by 
adding a Furnace or a Steam-jet of any required power to the 
Ventilating Chimney ; by means of a fire in this furnace any degree 
of rarefaction may be produced that is desired in the Ventilating 
Chimney, and it is recommended always to build one, where the 
Boiler Chimney cannot be used, that it may be used if it is wanted. 
In such cases, the flue of the furnace should be carried up perpen- 
dicularly for 30 or 40 feet against the side of the Ventilating 
Chimney, before it is opened into it ; this precaution will render a 
deflagration of the gases passing up the Chimney impossible when 
the furnace is used. It is in most cases practicable to make use of 
the Chimney of the Winding Engine as a Ventilating Chimney by 
making it of sufficient dimensions, and dividing it into two equsl 
parts, by a wall of about 30 feet high ; this being always in a heated 
state, acts very powerfully and efficiently, one division ventilating 
the Pit and the other being appropriated to the fire of the boiler. 
This plan has been adopted by the Author at all his Collieries, as 
he has in all cases the Chimney of the Winding engine built of 
sufficient dimensions, and divided in the centre by a wall half brick 
thick. An additional means of increasing the draught when 
required, is also afforded by inserting a steam-jet firom the boiler 
into the ventilating compartment of the Chimney, and where high 
pressure engines are employed for winding, the steam is dis- 
charged from the cylinder into the ventilating compartment for 
this purpose, producing a powerful draught as in the case of the 
locomotive engine. However as in case of repairs of the boiler and 
its brick-work, the ventilation might be for a short time disturbed, 
although no danger need be expected to arise ; such is the great 
objection to any breach of the system, however slight, that the Author 
would think it prudent to erect a separate Ventilating Chimney to be 
kept in reserve with a furnace attached for important Pits, to be 
used when the Ventilation of the Boiler Chimney is thus suspended. 
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On some occasions, temporary departures from the Rules laid 
down may be unavoidable ; but these cannot be termed breaches of the 
system. Slips up and down-casts, mifcky or rotten coal, interpose 
obstacles which must be removed or provided for in the best manner 
that the skill and experience of the Mine Director can discover, for 
in such cases no rules or regulations can be insisted upon, except 
that of taking care to abridge any necessary departure from the 
system, and re-establish it as quickly as possible. It is by no 
means an unusual practice to depress the Air-head in parts, and 
then raise it again to its former level, under the erroneous idea 
that the gas will, like water, regain its level ; but it will not, the 
Gas will not descend, and a serious interruption to the proper 
ventilation of the mine is interposed. 

The principle of Ventilating Pits by an Air Chimney, used for 
no other purpose than the passage of the Gas and the current of Air 
from the Workings to the surface, has been adopted by the Author 
in a more or less perfect form for more than thirty years in working 
the Thick and Thin mines, and has been found to give a complete 
and absolute command over the ventilation of every part of the mines. 
It is only, however, within the last few years that he has had an 
opportunity of carrying it through many extensive Pits systema- 
tically. In the whole of the Author's mines, this system of 
ventilation is now completely carried out ; the Thick Coal is some- 
times worked in one Pit, and in another Pit Brooch Coal, Heathen 
Coal, or the White Ironstone lying beneath the Coal, and sometimes 
the Thick Coal is worked in both; very little preparation is 
necessary for this change from one to the other, as the Air Chimney 
reaches to the lowest vein, and a stopping being put in at the level 
of the vein intended to be got, a supply of Air may be immediately 
procured at any required Level. The Thick Coal abounded in Gas 
in these Pits, but it is now so drained that all difficulties have 
disappeared ; the use of the Safety Lamp has become a form rather 
than an essence; but it is never suffered to be neglected, as it tends 
to establish habits of care and circumspection in other cases. 

A great improvement has resulted to the health and comfort of 
the workmen employed. The Air in these Pits is always free from 
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gas, and is ten degrees (Fahrenheit) cooler than the neighhonring 
Pits, worked on the ordmaiy system, owing to the regular supply 
of fresh Air. They have been frequently tried, and found to be 62 
to 64 degrees in the Workings, whilst at the same time the Air in 
the Workings of Pits ventilated in the ordinary way, was found in 
many cases to be 72 to 74 degrees ; the former, the temperature of 
a comfortable sitting room, and the latter, that of a heated cotton 
mill. 

A very great saving of expense from this system will be found 
also, not only in working the Thick Coal, but subsequently in 
getting the thinner veins of Coal and Ironstone. A very considerable 
amount of outlay, as well as frequently a great loss of time, is in- 
curred in obtaining the necessary supplies of air for working the suc- 
cessive strata of a mine. Whereas the Air Chimney is accessible at 
any point in the Shaft, and the Shaft is always kept well aired, which 
is of importance, as it is often found convenient to suspend the 
workings of the Pit for a considerable time after the partial ex- 
haustion of one of the strata, and before it may be desirable to com- 
mence the working of another. The Pits with the Air Chimney 
have been always found to be in a perfectly well aired state, and 
quite safe to descend and commence new operations in a day's notice, 
after the suspension of the workings for several years. A very con- 
siderable saving will be found to result from this circumstance before 
the whole of the strata are worked out, where the strata are numerous. 
It may be observed here that an Air Chimney may be very easily 
cut down any Shaft which has been sunk in the usual way ; the 
Author has cut one down a Shaft during the night, whilst the Pit 
still continued to draw coal during the day ; he executed one in a 
pit 140 yards deep in about a month, the pit continuing to draw 
coal during the day, whilst the air chimney was made in the night. 

Where large quantities of coal are to be drawn a number of 
Shafts are necessary ; two of these may be sunk at the usual distance 
of 10 or 12 yards, near enough to be commanded by the same 
Winding Engine, but the Shafts having no communication with 
each other. But if the form of the mine makes it more convenient, 
they may be sunk singly in any required situation, because each 
separate Shaft will provide its own Air, and each Shaft will " get '* 
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the separate section of mine appropriated to it; (by this means 
small detached portions of mine have been got to advantage, that 
would not have paid for the expense of two shafts.) 

By this arrangement, a much smaller quantity of Air-heading is 
required to "get" the same area of Coal, and the process of complete 
Ventilation can be more easily carried out, as will be hereafter 
noticed ; and although communications between different Shafts by 
the Gate-roads might be occasionally convenient, these communica- 
tions may be under the care and sole control of the Mine Director, 
who may keep the doors locked, if advisable ; the Ventilation is 
thus not materially disturbed. 

In the different plans for Ventilating Mines, the merit appears to 
have been awarded to those more especially who have succeeded in 
forcing^ by any means, either mechanical or by the use of powerful 
furnaces, the largest possible quantity of Air through the workings in 
a given time. The principle explained in the present paper is 
totally different and diametrically opposite, for it is grounded on 
draining the gas away from the coal before it is worked, and then 
getting the coal when it is thus drained, and carrying no more Air 
through the Mines than is required for light, life, and health, 
and it is founded on the old maxim that " prevention is better than 



cure. " 



It is perfectly true that if a Mine supplies 1000 cubic feet of Gas 
per minute, then, and in such case, 30,000 cubic feet of Air per 
** minute must be passed through the workings in order to dilute it 
to the point of safety, and to make safe provision for the varying 
circumstances of change of atmosphere which may slacken or affect 
the ventilation ; that is, if the Gas is allowed to pass through or into 
the Workings at all. But the principle advocated in the present 
paper is to prevent the Gas passing into or through the Workings, 
and to allow it to escape by proper passages made above the 
level where the Men work, and to allow it to pass away by its 
own levity, which it speedily and rapidly does, if proper outlets are 
provided for its escape in the highest part of the Mine. That is to 
say, supposing, as a general illustration, that 1000 cubic feet of Gas 
per minute is emitted by the Goal and passed through the workings^ 
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85,000 cubic feet of Air per minute must by some means be forced 
to pass through the Mine ; namely 30,000 feet to dilute the Gas and 
5,000 feet to supply the workmen, horses, and candles in the work- 
ings ; but if the whole of this 1,000 feet of Gas can be carried off by 
its own levity, and intercepted from passing into the Workings, tlien 
the Mine will be better and more safely ventilated by 6,000 feet of 
Air per minute than by 35,000 feet in the former case ; or, if the 
whole of the Gas cannot be intercepted, then in such proportion as 
the volume of Gas can be intercepted and carried away. And 
supposing the opinion of the Author to be correct that the Gas can 
be carried away without passing into the workings, and that, therefore, 
a very greatly reduced quantity of Air is necessary in the Mine, it 
follows, that the Gas being of the same specific gravity as Atmos- 
pheric Air heated up to 512 degrees, that, when Hie Gas becomes 
diffused and united with the Air, the volume of Air and Gas so 
united, is of less specific gravity than the Air, and will maintain a 
ncUural Ventilation of considerable power. It may be observed, also, 
that veiy rapid currents of Air through the passages of a Mine, are 
always attended with great inconvenience to the workmen, and 
may be attended with great practical danger, from the circumstance 
that the union or perfect admixture of the Carburetted Hydrogen 
with Atmospheric Air, though very rapid, is not instantaneous : and 
when in a Mine not previously drained of its gas large quantities of 
the Gas suddenly escaping from powerful " blowers " are driven 
forwards by a ciurent of Air moving seven to ten feet per second, 
it is very conceivable that they are not diffused at once, but carried, 
in some degree like a cloud of steam, forwards through the Mine, 
till diffusion has brought a portion to the " firing point," and then 
meeting with a light, or even driven (as they may be) through the 
wire of the safety lamp, will explode. 

Many cases of explosion have occurred, where evidence has been 
given of the Mine being well aired, aud the cause of the explosion 
has remained unexplained, and not even, with any reasonable pro- 
bability conjectured ; but the Author suggests that it may veiy 
possibly have arisen in some instances from this cause ; and unless 
the rapid movement of the air can be proved to be indispensable, a 
slower rate of movement would be far preferable, both for convenience 
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and safety. And the Author is particularly desirous to impress upon 
the attention this circumstance, that if the Gas is carried off, and in 
consequence the Volume of Air necessary for the safe Ventilation of 
the Mine can he reduced as much as five-sevenths, or even three 
quarters of its Volume, that the Air-heads may be safely reduced in 
their dimensions in a proportionate degree, and yet remain equally 
eflfective ; and as no Gas is mixed in the Air, the Workmen will be 
infinitely more secure. An objection that was made to the 
adoption of the system, was the possibility of some disturbance of 
the brickwork which separated the Air-Chimney from the main 
Shaft, either by a violent blow from the ascending skip, (which of 
course could not be the case with the guides, that are now generally 
used,) or by any accidental explosion that might take place in the 
Mine, which it was contended might force it outwards into the main 
Shaft. A mere inspection of the plan must convince any practical 
person that such an occurrence is impossible ; any force from 
without would be resisted by the convex surfece of the Arch which 
encloses the small Shaft, as any operating from within would be as 
effectually resisted by the convex surface of the main Shaft. Not 
only did no such occurrence ever take place in the numerous pits 
where the plan has been used without guides, but even where the 
Air Chimney was cut square, possessing so much less resisting 
power ; and they remain now perfect and uninjured after a lapse of 
inore than thirty years. 

Another objection was that the Air Chimney was not of sufficient 
dimensions to ventilate the Mine; (and this objection was urged 
and re-urged in the face of the fact, that the Author had expressly 
stated that cases might occur where even a seven-feet Air-shaft 
might be required and employed to drain very fiery mines.) The 
parties making this objection did not happen to recollect, that in fact 
this Air-Chimney was precisely of the same area as the Air-head 
which they themselves always employed to form the communication 
between the workings and the upcast Shaft. That in fact the Air- 
Chimney was neither more nor less than a continuation of the 
Air-head from the workings to the surface of the ground; conse- 
quently they fell into this glaring absurdity, that it was necessary 
to have an upcast shaft with an area equal to about 38 square feet to 

D 
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form a communication between the external air and a downcast shaft 
containing an equal area of 38 square feet, whilst the Air-head, the 
only Channel which connected these two shafts, (with a length of 
perhaps 1000 yards) and through which the descending air was com- 
pelled to circulate before it arrived at the upcast Shaft contained 
an area of only 7 or 9 square feet. The eflfect of this was to diminish 
the velocity of the ascending column in the upcast shaft, to lose the 
increased temperature the Air-head acquired in passing through 
the mine and the great advantage of eqiuU velocity in the ascending 
current, and by that means to materially reduce even the small 
ventilating power that had been obtained. 

Another objection was, that in some of the thinner veins no upper 
Air-head could be driven at a suflBcient height to allow the gas to escape 
by its own levity, or to prevent it from getting admission to the Workings. 
There may be exceptional cases — ^as, for example, if a mine can be sup- 
posed to lie upon a perfectly horizontal plane, — (but the Author never 
saw an instance of a mine to any considerable extent answering this 
description ; in all mines be has ever seen, the Coal forms some angle to the 
horizon in some direction, and a very small angle will soon obtain a height 
of six or seven feet, which is quite sufficient for the present purpose,) — 
in that case the Air-head communicating to the upcast shaft may be made 
always to ascend to the higher part of the plane, which will be quite 
sufficient to keep the mine clear from gas, by allowing it to pass oflf by 
its own levity. But, even if such a case ever should occur, a remedy may 
often be obtained, an instance of which has lately occurred to the Author. 
A disturbance in the Thick Coal vein was found, breaking the Coal 
through and throwing it into a trough 15 yards below its level ; of 
course if the Air head had continued to follow the vein, it must have 
been depressed below its level, the whole thickness of the Coal, which 
would have formed a barrier against the passage of the gas, like an 
inverted syphon, which the gas would not have passed. The remedy 
adopted by the Author, was by commencing an Air-head from the Air- 
Chimney in another measure, the " Flying Red, " that lay 20 yards 
above the Main Coal, and continuing it till it had passed over the depressed 
point ; a communication was then formed to the upper side of this 
depressed part, which at once established a rising Air-head for the whole 
of the Coal on the farther side of the depression. This is mentioned 
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only as one instance to show that it does not necess6urily follow that the 
principles here recommended may not he carried out, in case of meet- 
ing with the ordinary upcasts or downcasts which exist in most Mines. 

It may he perceived that the plan of Ventilation here recommended 
is comhined, in some measure, with the method of working the mines, and 
may he made more perfect and efi&cient hy the adoption of a sound 
system. The common mode is that of working the mines in "panes," 
or ** panels," leaving ** pillars," or portions of Coal, to be extrax5ted at a 
future period ; but this is considered by the Author as not only highly 
objectionable as opposing great difficulties to the proper ventilation of 
the mine, but as compelling the Air to be carried through long and tor- 
tuous passages, and split into numerous currents, and thus reduced in 
its velocity to perhaps one foot per second, of which examples are given 
in the South Shields Report, and increasing the length of the Air-passage 
to the extent of 70 miles, and the air thus occupying 1 6 hours in 
traversing the mines from the downcast to the upcast Shaft. 

The danger of this method must be sufficiently obvious, when 
it is seen that the Air must be forced through these various 
openings in the most crooked and winding channels, and its course 
compelled to pass along by artificial buildings, or "brattices," the 
the accidental destruction or failure of which may suspend the 
whole ventilation. 

But the plan exhibited will show that, before any Coal is got 
from the mine in the method recommended by the Author, the 
roads are carried out to the extreme extent that the Coal is 
proposed to be worked, accompanied by their Air-heads; by this 
means the complete drainage of the gas ifrom the mass of Coal 
proposed to be worked is effected, and these roads and their Air- 
heads are originally made at infinitely less expense, and are always 
in a safe and secure state, as the excavations commence at the 
outside of the Coal thus intended to be got ; and that no brattices 
are necessary, as double doors may be used in any of those roads 
down which the Air is intended to circulate, either to regulate the 
quantity, or prevent its passage ; and the current of Air may be 
always brought to act directly upon the working face of the Coal. 

It may be objected that these pillars must be left for a support 
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owing to the nature of the roof of the mine ; but this the Author has 
nerer yet seen, and is disposed to think that it never can happen^ 
He is getting veins of Coal of thirty feet in thickness, (in two 
successive workings of 1 5 feet each,) also veins of six feet, foiu* feet, 
and three feet thicknesses ; the roofs of these various coals differ in 
their tenacity, and some of them are extremely tender, and yet the 
whole* of the Coal is extracted from these veins, both the thickest 
and the thinest, both large and small Coal, with the greatest facility 
and safety ; and if the Author was called upon to express a 
preference of any, he would prefer a tender roof to one formed of 
rock. 

The dangers obviated by this mode of working are doubly 
important ; the roof gradually descends as the mine is excavated ; 
all dangers are left behind, and the roof is consolidated into a 
compact mass by the weight of the superincumbent strata, conse- 
quently no ** goaf," or hollow, is ever formed, and no lodgement of 
gas can take place. Secondly, no large or small coal being left 
behind, the heating of the goaf, or the spontaneous combustion to 
which all mines are liable where small coal or slack is left, can 
never take place. 

The Author, as observed at the commencement of this paper, 
wishes to avoid entering upon any remarks that may appear to 
censure any of the systems of getting mines different from that 
practised by himself. He does not wish dogmatically to assert that 
such systems may not be necessary in some cases, although it is 
not apparent to him why they ever can be necessary. Men of great 
science and ability, he is willing to believe, may have good and valid 
reasons for the adoption of the plans they pursue in particular cases ; 

• Note. — ^The extraction of the whole of the 30 feet coal was first accom- 
plished in the collieries of James Foster, Esq., on the suggestion of George 
Jones, Esq., some years before any other person attempted it ; it is, indeed, only 
carried out successfully at present by Mr. Foster and the Author. The Author is 
happy in having this opportunity of giving his testimony to the fact, and also to 
the credit justly due to Mr. Jones, for his bold and correct conception; and to 
Mr. Foster, for his sagacity and energy in carrying it out. The Author has shown 
(what might have been doubted) that this is done with perfect success, and that 
it is quite suitable to his principles of ventilation, and, indeed, is admirably effi- 
cient in practice, as regards the drainage of the gas from the coal. 
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but others may imitate their system 'where the same reasons that 
may be m:ged in those cases do not apply. But, as the Author is 
prepared to show that they oflfer very great impediments to a sound 
system of Ventilation ; that in case of accident they are attended 
with the most awful and distressing results ; it would be inexcusable 
in him not to make some remarks as to their disadvantages, for 
the purpose of pointing out to the observation and attention of 
those engaged in mines the propriety and necessity of making 
these modes of working mines as few and exceptional as possible. 

He has already observed that, in the mode of working mines in 
Panes and Pillars, where a part of the Coal is of course left, and 
eventually lost, the diflficulty of obtaining safe ventilation renders 
its accomplishment nearly impossible ; and upon this point he will 
only notice further the deplorable consequences that follow when 
an accidental explosion takes place. At Newcastle-on-Tyne, the 
brattices being all blown down by an explosion, and the workings 
all filled with carbonic acid gas, and no means existing of quickly 
restoring the ventilation (which arises from the system employed, 
as at the Felling Colliery and many other similar cases,) the 
Pits and Workings could not be entered, nor the bodies of 
the men recovered for weeks, nay, even months. Every man in 
the mine, though out of the reach of the explosion, necessarily 
lost his life by the after-damp. A very recent case in Scotland, 
at Nitshill, where sixty-one lives were lost, is a striking ex* 
ample; although this Pit had a good and distinct Upcast Shaft, 
the Brattices were destroyed, the Air of course proceeded along the 
shortest and most direct road from the Downcast to the Upcast 
Shaft, and all the men who had been supplied with Air by the 
diversion of the currents, depending entirely upon Brattices which 
were destroyed by the explosion, miserably perished, and the whole 
of the bodies could not be recovered in a week's time. 

The Author will next allude to the sinking of Shafts of large 
diameter divided by Brattices, and of such large dimensions as to 
allow one side of the brattice to form the Downcast, and the other 
the Upcast Shaft. A similar result follows in the event of an 
explosion to the recent case in Scotland mentioned above ; a part 
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of the brattice (probably at a considerable depth) is ruptured, and 
no current of Air can be procured to admit of its repair, except by 
means which involve loss of much time and expense. In the 
meantime, all those who may have been in the pit, at the time of the 
explosion, cannot be approached. The Author presumes that some 
idea of economy introduced this system ; but he is satisfied that 
upon this point an erroneous impression has prevailed. The 
expense of sinking these single divided shafts, of the usual diameter 
of 15 or 16 feet, is so very great, that it has led to the practice of 
working very extensive areas of Coal by means of a single Shaft, 
and this practice has further led to the different scientific con- 
trivances for impelling the air over these immense areas, by which 
the ventilation of the works is rendered so much more difficult 
and imcertain. 

Taking, for example, a Pit of this description, of 15 feet diameter, 
by which is worked an area of 200 acres, (and instances might be 
adduced where four, five, and six times that quantity has been thus 
worked,) it is self-evident that the ventilation of a Coal Mine of 
this description, where the air passages have been extended to the 
length of 70 miles, must be attended with veiy great danger and 

vast expense. 

Now the Author states as his opinion, and thinks he should 
have no difficulty in proving it correct, that four shafts might have 
been sunk on this Area of 200 Acres, 7i feet diameter each, in proper 
positions with their Air Chimneys, for considerably (he dare not 
venture to say how much) less money than the one Shaft cost ; and 
if this can be established, it follows that the 200 Acres being 
divided into Sections of 50 Acres each, the expense of the under- 
ffround work would have been most materially diminished, and that the 
ventilation might have been effected with much greater ease and security 
in separate sections of 50 Acres each, and the power of raising Coal 
doubled, as there would be always two ascending and two descending 
corves, instead of one. 

It may be alleged, that these larger Shafts are sunk with more 
facility, in consequence of the nature of the strata through which the 
pits are to be sunk, or the occurrence of quick or running sands of great 
thickness ; but it is under these very circumstances that the facility and 
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saving of expense in sinking the smaller shafts is most strikingly 
manifested As an example, we will take one of the most formidable 
difficulties, that of sinking through a great thickness of running sand. 
Now, in the sinking of the smaller shaft, entire cylinders or tubs of cast 
iron, descending by their own weight, may be used, excluding the sand 
as they descend; and, provided it is previously ascertained how thick the 
sand may be expected to be, sand of any depth, even 100 yards may be 
sunk through, by putting in the first tub of a size sufficiently large, so that 
when stopped, as it probably will be in 10 or 1 2 yards of its descent, by 
the friction of the sand, a second may be sunk within it, and so others in 
succession, (like the inverted tube of a telescope,) till the sand is penetrated 
to the sound measures. (See Fig. 3, Plate 24.) A running sand mixed 
with water was sunk through by the Author's advice, more than 20 years ago, 
by adopting this principle, in a shaft of 7i feet diameter, and although 
the sand was between 35 and 40 yards in thickness, and of so fine and 
minute a character that, when dried, a great part would run through an 
ordinary hour-glass. Now, the Author cannot see how, in a shaft 15 or 
16 foot in diameter, entire cylinders can be used, certainly not without 
enormous expense, and if they are to be joined in parts, (which must be 
done down in the pit) the expense and difficulty attending in that case 
the removal, and supporting of the ground until the cylinder is com- 
pleted, must be enormous, which those engaged in such works most 
know well by bitter experience. 

Now, with regard to the Ventilation, which is more immediately the 
object of the Author in introducing these remarks, it is obvious that, by 
sinking four shafts in the proper positions, this area of 200 Acres, is 
divided into four sections of 50 Acres each, and thus by shortening the 
Air passages, and dividing the portion of the gas furnished by the mines 
into four parts, and having the Goal drained by four distinct and 
separate channels, the ventilation may be safely effected with comparative 
ease and much greater safety. 

Now, to sum up the conditions and principles to carry out the 
Author*s plan effectually, he would state — 

1st. That the Air-head should always open into the highest (prac- 
ticable) part of the mines. 

2nd. The Air-head (or what may be properly called the Gas-heads) 
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by which is meant the horizontal Air or Gas passage, shall always be in 
continuous communication from the Workings to a vertical Air-Chimuej 
or separate Shaft, of 3, 4, 5, or more feet diameter, whichever shall be 
required, but always of sufficient dimensions to carry off the Gas and 
Air from the Workings. 

3rd. That the Airhead, or Gashead, shall not in any part of its 
course be depressed below the level of its opening into the Workings. 

4th. That the Air-Chimney, (of such dimensions as the mine 
requires,) by which is meant the vertical air or gas passage, shall 
never be used for any other purpose than the passage of the current of 
the Gas and Air from the Workings to the suiface, and that it shall 
be closed from the external Air till it arrives at its point of exit 

5th. That the vertical Air-Chimney should be closed at the top, and 
separated from the Shaft, and should then be connected to the Venti- 
lating Chimney, or the Chimney connected by an horizontal flue with 
the boiler, so that the current of air may not at any time be disturbed 
or interrupted. 

6th. That the Gate-roads should always be driven to the extreme 
point to which the Workings of the Coal are intended to be extended ; 
that the Coal may previously be drained of its gas before any Coal is 
gotten, by which means the Gate or Horse-roads, and the Air or Gas-head, 
may originally be made, and afterwards be maintained, at considerably 
less expense in a safe and secure state, and the Gases be gradually 
drained off, before it is necessary to get the Coal. 

As the object of this Paper, as first stated, is for the purpose of 
expounding the principles which the Author considers proper for the 
ventilation of Mines, it would be impossible, in the limits to which such 
a Paper must be confined, to enter into those details which might other- 
wise serve to make the subject much clearer than the Author is here 
able to do. It will be here impossible to enter into those particulars 
which would be necessary to explain the different methods that may be 
adopted to carry out these principles under the various circumstances of 
slips, upthrows, or downthrows, or those changes which present them- 
selves in every considerable area of Coal. The Author must, therefore, 
confine himself to the statement that the cases are exceptional rather 
than general, in which there can be any insurmountable difficulty in 
providing the remedy for accidental derangements of this description. 
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^without interfering materially with the principles recommended ; that 
is to say, provided competent knowledge of the dip, and the position, and 
lay of the strata, is previously ohtained hy horing, or other means. 

The Author once more wishes to observe, that he has no desire to 
enter into the disputable question of the proper method of working the 
mines in other districts of which he has not had personal experience ; 
he is prepared to believe that good reasons may exist why men of 
science and talent have deemed the systems they have adopted to be 
those most suitable for getting the coal advantageously in the districts 
■where these are employed. The remarks he has, therefore, ventured to 
make upon them are strictly limited to the results of his own experience, 
and only in as far as they interfere with, or form an impediment to the 
ventilation of the mines, and in those cases where the nature of the 
operations appears precisely similar, and are conducted for the same 
purpose, and he would not have alluded to them at all except that they 
are intimately connected with effecting that object of draining the 
gas and ventilating the mines as it appears to him in the most secure 
and effectual manner, with an important saving of eventual expense 
But' the Author has arrived at the fullest conviction, in his own mind, 
that no plan of Ventilation can be safely carried out, unless more 
numerous shafts are sunk and smaller areas of coal are worked by them ; 
and he is likewise convinced that that system will be found to 
embrace every consideration both as regards security and economy. The 
necessity of freeing the mines from water is recognised by every one ; 
for it is imperative that proper provision be made for this purpose, 
because the mines cannot be worked at all until the drainage is effected; 
can any good reason, then, be assigned why no provision should be 
made for draining the coal from the gas when it can be so easily 
effected, and also, when that insidious enemy inflicts upon the mine 
owner, if it is retained, a much greater pecuniary loss eventually, and 
also what is of still greater importance, the loss of life to those meri- 
torious and industrious men, who have a right to demand at our 
hands every security that can be afforded them. 



E 
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Mr. Cltft inquired whether, in a colliery of considerahle ex- 
tent, Mr. Gibbons would always sink the shaft at the extreme 
outside, in the highest point of the strata, for draining off 
the gas, or in the centre of the area, so as to have the work lying 
all round the shaft; and whether, in a large work, the air-head 
would not in some part have to descend towards the shaft. 

Mr. Gibbons replied, that he would always sink the shaft at 
the extremity of the work, at the highest point of the coal strata, 
so as to drain off the gas from the whole of the coal ; and he drove 
the air-heads, always ascending, towards the shaft, intersecting 
the coal strata every fifteen yards with vertical passages, through 
which the gas was constantly drained off into the air-heads. 

Mr. CowPER wished to know if the shaft was sunk at the 
highest point of the strata, how the water was carried off ? 

Mr. Gibbons explained, that where it was required, he sunk 
a water-pit for the drainage at the lowest point, so as to drain the 
water from the lowest point of the strata, and the gas from the 
highest. He considered that 5000 cubic feet of air per minute 
were more than sufl&cient for any area of colliery that ought to be 
worked by one pit, provided the gas was previously drained from 
the coal in the manner he had described. 

Mr. Shipton supposed that the nearer the ventilating chim- 
ney was to the pit's mouth, or the shorter the horizontal airway 
was, the greater would be the ventilating power. 

Mr. Gibbons said he found that made little difference, the 
air- chimney being simplj a continuation of the air-head, which 
was already horizontal in the workings, and the distance to the 
ventilating chimney being, in any case, quite insignificant in 
comparison to the length of the air-head 

The Chairman wished to understand how Mr. Gibbons was 
able to take out the whole of the pillars, as stated in his paper, so 
as to remove the whole of the coal. 

Mr. Gibbons explained, that he began in the middle of the 
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thickness ot cool, and worked the upper half first, commencing 
at one extreme side of the work, and driving a series of parallel 
roads about thirty yards apart, through the whole extent to the 
opposite side of the area of coal to be got ; and he then worked 
backwards from the extremity, excavating the whole of the upj)er 
thickness of fifteen feet of the coal, and taking advantage of the 
superincumbent weight of the roof to bring down the coal ; the 
the roof continued gradually creeping down, following the 
work, and filling up the excavated space that was left behind. 
The upper half of the coal was all got out by these means, 
and the roof all settled down filling up the space. He then 
proceeded to work the lower half in a similar manner, by 
driving a fresh series of parallel roads at the bottom of the coal, 
commencing at the same line as that from which the upper coal 
had been worked. The roof was found to be settled down after 
the fall, so as to form a new roof to the lower workings, quite 
firm and sound enough for the purpose ; the first air-heads fell 
in gradually with the progress of the first excavation, being no 
longer required ; but the communication with the air- chimney at 
the commencement of the work remained undisturbed, and the 
roof was left so porous after the fall, that the gas was constantly 
flowing off into the air- chimney from the lower coal workings, as 
readily as water filtrates through a bed of sand. By this mode 
of working, a very large quantity of coal per day could be got at 
one pit; it was only limited, indeed, by the winding power 
available, as the face of the work could be extended at pleasure. 

Mr. Slate presumed, from Mr. Gibbons' paper, that the pro- 
portion of slack obtained was less, and the coal more, than usually 
obtained in the Staffordshire pits. 

Mr. Gibbons said he did not obtain any more slack per acre, 
but a much greater quantity of coal By the old system, they got 
about one-third, and left two-thirds of the coal, but now none 
was left. 

Professor Hodgkinson remarked, that there were, no doubt, 
great difficulties in effectually securing the object discussed in the 
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able paper read by Mr. Gibbons. When so great an amount of 
matter was excavated from the bottom, there must be proportion- 
ately great settlement in the ground above. In the neighbourhood 
of Northwich, Cheshire, the brine melted the pillars that were 
left in the salt mines, and sinking was constantly going forward ; 
and when the pillars were wasted by time the whole ground settled 
down together. 

Mr. Adams inquired where a coal mine was situated in a 
deep valley, how Mr. Gibbons would place the pit in such a case ? 
Mr. Gibbons replied, that he would drain off the water downwards 
and sink a shaft at the upper level of the strata to drain off 
the gas. 

The Chairman said there could but be one opinion upon the 
able manner in which Mr. Gibbons had brought the subject of 
coal-mine ventilation under their consideration. Of late years, 
the many fearful and frightfiil accidents which had occurred, owing 
to the accumulation of gas in coal mines, had rendered tlie ques- 
tion one of the highest importance, and any person who could 
suggest a remedy for an evil so disastrous in its consequence, 
would prove himself the friend of humanity. Proper ventilation 
appeared to be the only remedy, and he hoped the excellent 
paper that had been read would receive, not only from the members 
of the Institution, but from the public generally, that attention 
which it so justly merited. He moved a vote of thanks to Mr. 
Gibbons, which was passed, and Mr. Gibbons expressed his 
willingness at all times to afford any explanation in his power 
upon the subject. 

The following paper, by Mr. Joseph Beasley, of Smethwick* 
was then read : — 

ON A NEW MACHINE FOR BLOOMING IRON. 

The purpose of this Machine, which has been invented and 
patented by Mr. Jeremiah Brown, is to perform the process of 
Blooming the Iron from the Puddling furnace, which is usually 
done by Hammering, and in some instances by Squeezing; the 
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object being to squeeze out the cinder from the puddled ball, and 
to compress the iron into a form ready for rolling into a bar, which 
is done at the same heat. 

The Machine is shown in Plates 28 and 29, and consists of 
three large eccentric Kolls ABC, placed horizontally in the 
strong holsters D D, the centres of the rolls being arranged in a 
triangular position, and the bottom roll C nearly central between 
the two top rolls A B. These rolls all rotate in the same direction 
as shown by the arrows, and are driven. by a centre pinion E, 
working into three pinions of equal size F F F, fixed on the roll 
spindles; in the present machine the driving power is applied 
direct to the bottom roll by means of the large wheel G, for the 
convenience of carrying the main shaft under the floor — but it could 
be applied to the centre pinion, if preferred. The rolls are cast 
solid with their journals like ordinary rolls, and are driven in the 
usual manner by coupling boxes and spindles H H. 

The roll-faces are 16 inches long, and the bottom roll has strong 
flanges at each end, 8 inches deep, between which the two upper 
rolls work ; the object of these flanges is to upset or compress the 
ends of the bloom, as the iron in the operation is elongated, and 
the ends are forced against the flanges, which makes them square 
and sound, as shown by the specimen of a bloom exhibited to the 
meeting. The top roll A has a large hollow in which the puddled 
ball I, is placed by the puddler ; and this roll carries the ball round, 
and drops it into the space between the three rolls, as shown in 
Fig. 2, this space being at that moment at its largest capacity. 
The three projecting points K K K, of the roUs immediately impinge 
upon the ball, and compress it forcibly on the three sides, and giving 
a rotating motion to the ball at the same time, they have a very 
powerful kneading action upon the iron, squeezing out the cinder 
very effectually, which flows freely away down each side of the 
bottom roll. The space between the rolls gradually contracts, from 
the eccentric or spiral form of the roUs, thereby maintaining an 
in<;reasing compression on the iron on all sides and the ends, until 
it is liberated by the points L L L, simultaneously passing the bloorii 
M, which falls down in the direction of the arrow, and is discharged 
from the machine at the same moment that another ball is dropped 
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in at the top of the machine. The projecting teeth on the surface 
of the rolls assist this action, hy seizing hold of the iron and knead- 
ing into it as it rotates ; and these teeth gradually diminish in pro- 
jection, the last portion of each roll being .plain, and the bloom is 
consequently turned out in a smooth compact form, as shown by 
the specimen exhibited. The space between the flanges of the bottom 
roll is widened for a short distance beyond the point L, for the 
purpose of allowing the bloom to drop out readily, and admitting 
the fresh ball. 

A provision is made to prevent risk of breaking the rolls by any 
unusual size* of ball being put in, by means of the two large triple- 
threaded screws N N, which bear upon the journals of one of the top 
rolls B ; a small pinion on the head of each of these screws works 
into a large pinion fixed between them, which has a horizontal 
lever fixed to it, carrying a balance weight O ^^ ^^^ ^^^ J this weight 
causes a constant equal pressure of the roll, and in the case of any 
ball of extra size being put into the machine, the screws yield by 
turning back and lifting the weight to the extent that may be 
required, so that a large ball will be worked with the same 
pressure and in the same effective manner as the smaller sizes. A 
continual supply of water is run on to all the journals throughout 
the machine, which prevents any possibility of the journals becom- 
ing hot, even when the machine is in constant work. 

The advantages derived from this machine, are — 

1st. The saving of time effected in the operation, as the machine 
makes five revolutions per minute, and turns out five blooms in that 
time, and consequently each bloom is only 12 seconds, instead of 
from 60 to 80 seconds, the time required in the usual process of 
hammering, being only about one-fifth or one-sixth of the time ; the 
iron from the machine is therefore passed through the bar rolls at 
considerably greater heat than that from the hammer, and is conse- 
quently softer and better worked in that process. 

2nd. The saving of expense in manufoAiture, as the machine is 
self-acting, and requires no men to attend the working;. whereas, the 
hammer requires an experienced hammer-man in all instances, and 
sometimes two, depending on the number of furnaces the hammer 
has to work for, and these men are entirely dispensed with by the 
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machine being self-acting. An endless chain is also being added to 
the machine, working in an inclined direction from the lower side 
of the bottom roll, for the purpose of catching the bloom as it falls 
from the machine, and carrying it up direct to the bar rolls without 
any manual labour. In consequence of the machine turning out 
five or six blooms in the same time that one bloom is completed by 
the hammer, it is capable of working for a much larger number of 
furnaces, indeed for as many furnaces as can be placed within a 
convenient distance for working. Another important advantage 
from this circumstance is, that the puddlers are never liable to be 
kept waiting for their turns, as is often the case where one hammer 
works for more than 8 or 10 furnaces; on the contrary, with the 
machine, the greatest number of furnaces that can be arranged 
to be worked by one machine, will not be sufficient to employ 
it on the average more than one -quarter of its time, and con- 
sequently a very great margin is afforded for meeting the una- 
voidable irregularities in the supply of the balls from the several 
puddlers, which prevents the waste of iron, and deterioration in its 
quality that is caused when the puddler has to keep the iron back 
in the furnace waiting for his turn with the hammer. 

3rd. The saving of eocpense in tools, which is very heavy where 
hammers are used ; the hot iron being five or six times longer in 
contact with the hammer and anvil than with the machine, and the 
hot cinder out of the iron lying upon the anvil, instead of falling off 
constantly as it does in the machine ; also the impossibility of 
applying a constant stream of cold water to the hammer as is done 
in the machine, cause the hammer and anvil to get so very hot 
where a number of fiimaces are working, that they wear out very 
rapidly sometimes lasting only a week, and are always liable to break, 
as also is the helve. The loss of time in replacing a hammer or 
anvil, when it breaks, or fails during the working, is at all times 
attended with loss in the quantity and quality of the iron, from being 
kept back in the furnace after it is ready until the tools are replaced; 
and when the helve breaks, the stoppage becomes a serious evil. 
The expense of keeping the machine in repair cannot be ascertained 
at present from actual experience, as the present machine at the 
Autlior's works is the only one that has yet been in regular opera- 
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tion for any length of time, and that only for the last four months ; 
this machine is standing the work quite satisfactorily, and the only- 
expense incurred since starting has been from an accidental break- 
ing of one of the couplings soon after starting, through a defect of 
manufacture. An effective provision is made to prevent risk of 
breakage in the machine, by the driving clutch being made propor- 
tionately very light, so as to give way before any other part can be 
injured, and this can be replaced in five minutes at any time, if 
broken. The annual extra expense in repairs, and extra power 
with a pair of hammers to do the same work, would probably 
amount to as much as the total first cost of the machine. 

4th. The saving of power with the machine, as the power is only 
exerted during one-fifth of the time required by the hammer, and 
during the greater portion of that time the power required in the 
machine is comparatively small, from the very soft and loose state 
of the ball, and the full power is not exerted until the revolution is 
nearly completed ; whereas with the hammer the power absorbed is 
the same throughout the whole of the operation, as the same mass 
of the helve is lifted at each stroke of the hammer. Also less power 
is required in rolling the iron from the machine, in consequence of 
its greater heat. 

6 th. Improvement in the quality of the iron, in consequence of the 
cinder being more thoroughly squeezed out of the iron, from the 
enormous pressure to which it is subjected, and from the powerful 
kneading action of the rolls throughout the revolution of the 
machine whilst the iron is in a welding state, which imites the 
grain of the iron more effectually than can be done by the hammer. 
This action of the machine is constantly going on upon the iron, 
but in the other case the greater portion of the time is waited in the 
lift and fall of the hammer, and this time is of great importance, as 
the hotter and more fluid the cinder is, the more completely can it 
be squeezed out from the body of the iron. The action of the 
machine is clearly shown by the accompanying Sectional Model, 
and it will be seen that the Ball is made to take a somewhat tri- 
angular form, by the pressure of the three rolls, and that every 
particle of the iron in its turn is by the revolution of the ball sub- 
jected to the kneading action of the rolls, and is thereby first 



MACHINE FOR BLOOMING IRON. 41 

pressed in towards the centre of the mass, and agam squeezed out- 
wards by the pressure that other particles are subjected to, thus 
giving great facility for the escape of the cinder from every part of 
the ball, and forcing it out in a more effective manner than the 
ordinary process of working a four-sided bloom imder the hammer. 
There have been other machines invented on different principles, 
for the purpose of blooming iron by a process of squeezing instead 
of hammering, but the present machine is considered to possess im - 
portant features of superiority, that enable it to surpass the hammer 
in the quality of iron produced, on account of the above-described 
action, which is peculiar to this machine; the certainty of the cinder 
constantly flowing freely away from the iron without risk of getting 
it lapped up in the bloom, and the perfectly uniform process that 
every bloom is subjected to, whilst the quality of the iron worked 
by the hammer depends entirely on the amount of labour and care 
bestowed upon it by the hammer-man. 



Mr. Beasley exhibited a working model of the machine, and 
various specimens of iron rolled from similar blooms made by the 
machine and by the hammer from the same heat of the puddling 
furnace, to show the superiority of quality and greater purity from 
cinder in the iron made by the machine. Also specimens of a 
bloom from the machine and from the hammer, with one from the 
machine cut through the centre cold, to show the soundness of 
the iron. 

Mr. CowPER showed a sectional model, fdll-sized, illustrating 
the kneading action upon the iron of the three spiral rolls, by the 
change that took place during revolution, in the position of the 
different points of a circular flexible hoop representing the ball 
of iron, which was compressed into the triangular space between 
the three rolls. He thought that, supposing the puddled ball 
could be taken hold of by the hand, and squeezed like a wet 
sponge, that would be the most ejQBcient way of separating the cin- 

F 
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der ; and the action of the machine resembled this process, by 
kneading the ball between the three revolving surfaces ; but the 
hammer performed the operation by hammering all round the ball 
on each side in succession. If the iron was tender, by rolling it 
between two surfaces, as in the other squeezers, it was torn open, 
but in this machine, with the three rolls, the iron is more sup- 
ported, and is subjected to enormous pressure, and the cinder is 
more effectually squeezed out from the body of the iron. 

Mr. Gibbons observed he had seen the machine in operation 
at Mr. Beasley's works, and saw many blooms made by it, and all 
equal to the sample exhibited ; he should say that the specimens 
of iron produced were fair specimens of the iron made ; and his 
impression was that he never saw iron turned out more perfectly. 
The operation of the machine was very satisfactory ; and it was 
important for the blooms to be all worked in a uniform manner, 
and made of even surface. 

Mr. Siemens said he had tried an experiment to ascertain 
the comparative power required to work the machine and the 
ordinary hammer, by taking the indicator diagrams exhibited 
to the meeting, of the power of the engine when working 
without any load, and then the power when driving the machine 
alone, and when driving the hammer alone; the indicator 
diagrams were taken at various periods of the revolution of the 
machine, to ascertain the average power, as the power exerted at 
the commencement of the revolution appeared to be very small, 
and it was mainly concentrated at the last portion. The average 
power of the engine was increased about 4 horse power whilst 
the machine was working, and about 6 horse power by the 
hammer; but as the former power was in action for only 12 
seconds in the operation of blooming, and the latter was 60 to 80 
seconds in action, the total comparative power in the two cases 
would be as 48 (4 X 12) to 420, (6 X 70,) or as 1 to 9, showing 
the power absorbed by the hammer to be nine times as great as that 
by the machine. This, however, might require some correetkxn, 
on account of the momentum of the engine £y-Trtieel, from some 
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power being given out at the moment by its velocity being 
retarded ; he could not detect any loss of velocity in the present 
case, but a more accurate measure might be obtained of any dif» 
ferential velocity, and he hoped to have an opportunity of making 
a more complete trial of the comparative power of the machine 
and the hammer. 

The Chairman inquired whether there was not danger that 
the machine would lap up more cinder in the iron than was 
usually the case by the common process of hammering. 

Mr. Beaslby said there was not any danger of it, and he con- 
sidered it was impossible, from the action of the machine, that 
any cinder could be lapped up in the iron, as there was no possi- 
bility of a portion of the iron getting lapped over in the process 
and enclosing some of the cinder in a pocket or hollow, which 
was, however, the case occasionally with the hammer. 

Mr. Walker remarked, that there were traces of cinder in the 
specimens of iron from the machine, and he thought there must 
be some portions of cinder lapped up in the process. He did not 
think the machine would be so effective as the hammer in extract- 
ing the cinder from the ball. 

Mr. CowPER said he had carefully observed the working of 
the machine, and considered its action was very perfect. The 
iron was subject to an enormous pressure, and he was decidedly 
of opinion that no cinder was lapped up in it. He did not mean 
to say that the machine produced better iron than the hammer 
bat it was at least quite as good« 

Mr. E- Williams observed, that if iron was imperfectly 
puddled, the hammer would knock it to pieces, and show the 
defect in the quality of the iron ; but he tliought the machine 
would roll the iron all up, whether good or bad. He was of opi- 
nion that, from the rolling action of the machine, the cinder 
would be lapped up in the iron. 

Mr. Beaslev said, it was found that, if the iron was not 
properly worked, or was " green" iron, it was shown at once by 
the machine tearing it to pieces, although in other squeezers it 
might still be wrapped up into a ball. 
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Mr. E. Williams considered the cost of the machine, and 
expense of keeping it in repair, would he an important conside- 
ration, and whether it would not he liahle to accident and stoppage, 
from its complication compared to the hammer. He thought the 
different sizes of balls would not be equally well worked, as they 
wore with the hammer. 

Mr. Beasley replied, that the machinery was precisely similar 
and not more complicated than the ordinary rolls, and no more 
liable to go wrong. This machine had been working four months 
without accident, except one which was from an accidental defect 
in the original make ; and he considered it was decidedly less 
liable to stoppage and delay than the hammer. It was not 
intended to do away with the hammer altogether, but when larger 
sizes of iron were required, larger machines might be constructed 
for such a purpose. The machine was suitable for all the various 
sizes of iron in ordinary work by using the regulating screw. 

Mr. Siemens thought the machine would work and last well, 
from the small power required to keep it in operation. 

Mr. Slate observed, that the machine possessed an advantage 
in being driven without the heavy cams and driving power required 
for the hammer. 

Mr. Walker thought the hammer was the best test of the 
quality of iron. 

Mr. Beasley said he had never seen a bloom from the 
hammer perfectly free from cinder in the regular work, and those 
produced by the machine were decidedly more free from cinder 
than those produced by the hammer, and they never had any 
hollow in the body of the iron. 

Mr. E. Williams remarked, that rolled iron was generally 
considered inferior to hammered. 

Mr. Beasley replied, that the process performed by the 
machine was very different to that of rolling, from the action of 
the three surfaces ; he referred to the samples exhibited to show 
the superior quality of the iron produced. 

Mr. Slate observed, that such specimens were not a true test ; 
it depended greatly upon how they were broken. 
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Professor Hogkinson said he had better acquaintance with 
the strength of iron than the process of manufacture ; he had at 
first rather strong prejudices against the machine; he did not 
think it was exactly the right mode in which to get rid of the 
cinder, and it appeared to him likely to lap up some of the cinder ; 
but he thought the objections he at first entertained were conside- 
rably lessened ; the samples of iron from the machine^ he must 
say, looked remarkably well. 

Mr. Gowfer said he was, at first, much prejudiced against the 
machine ; but his opinion was greatly changed since he had 
examined it in operation. 

The Chairman observed, that the merit of the machine 
depended upon the relative quality of the iron produced, and there 
appeared a diflference of opinion upon that subject. It was desirable 
that this point, as well as the cost of the different processes, should 
be ascertained, and laid before the Institution ; and he, therefore, 
suggested that the inquiry and experiments should be further 
pursued, and the results reported to a future meeting. 

A vote of thanks was passed to Mr. Beasley for his communi- 
cation, and the discussion was adjourned to the next meeting. 

The Chairman announced that the Ballot Lists had been 
opened, and the following new Members were duly elected: — 

MEMBERS : 

Mr. Joseph Beasley, Smethwick, 

Mr. Joshua Horton, Smethwick, 

Mr. John Stewart, London. 
The Chairman remarked that the subscription towards the 
erection of a monument to the memory of their late President, 
Mr. George Stephenson, was progressing favourably, and the 
Committee hoped shortly to be enabled to announce the nature 
of the memorial intended. 

The Meeting then terminated, and the Members adjourned to 
the Library of the Institution, where coffee was provided. 
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The Special General Meeting of the Members was held at 
the Rooms of the Society of Arts, John-street^ Adelphi, London, 
on Monday, 30th June, 1851. The President, Mr. Robert 
Stephenson, having to attend a Committee of the House of 
Commons, Mr. J. E. McConnell, Vice-President, was called ta 
take the Chair. 

The Secretary read the minutes of the last General Meeting,, 
which were confirmed. 

The following supplementary paper by Mr. Joseph Beasley, of 
Smethwick, near Birmingham, was then read : — 

ON A NEW MACHINE FOR BLOOMING IRON. 

The purpose of this machine is the blooming of the iron from the 
puddling furnace, in a more rapid, effectual, and economical method 
than is accomplished by the usual process of hammering or shingling j 
the machine is the recent patented invention of Mr. Jeremiah Brown? 
(a roUL-turner, late of the Oak Farm Iron Works, Dudley). 

Other methods have been invented and employed to supersede the 
hammering process, some of considerable ingenuity and merit ; still, 
unscientific ancient and rough as the process is, shingling or ham- 
mering obtains general preference in the blooming of iron ; and it has 
been generally contended hitherto that the hammer excels all other 
means for ridding iron of its native impurities. This might perhaps 
be admitted with reference to all other methods hitherto introduced ; 
but for the present machine, differing as it does in construction and 
action from any one hitherto contrived, there is claimed a decided 
superiority, in all respects, over the hammer and every other working 
process for the operation in question. 

The blooming of iron is that process which the metal undergoes 
immediately upon its removal from the puddling furnace, whereby, 
as effectually and expeditiously as may be. the metal is consolidated 
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into a tomogeneoua mass, &ee from droea or cinder. The principal 
objection to iron made \tj the ordinary squeezers is the qnantit^ of 
cinder which is lapped or enclosed in it ; whereas the object of squeez- 
ing compressing and hammering, alike is to separate and express the 
cinder, which in proportion as it remiuas in the bloom, injures its 
quality, destroys the fibre of the iron, and prevents it uniting in » 
complete and uniform manner. It is the process of blooming, in fact, 
which fixes the character and quahty of the iron, since no impntity 
can be thoroughly ehminated by any after process. 

This machine consists of three loi^ spiral-shaped rolls, placed 
horizontally, and rotating all in the same direction ; the ball of iron 
from the puddling furnace is dropped into the three-sided space be- 
tween the three rolls, which forcibly compress the ball, giving it a 
rotating motion ; and they have a very powerful kneading action upon 
the iron, squeezing out the cinder very effectually, which fiows fredy 
away down each side of the bottom roll. The space between the 
rolls gradually contracts from the spiral form of the rolls, thereby 
maintainiag an increasing compression on the iron on all sides and 
the ends, until it is liberated by the extreme projections of the rolls 
passing the bloom, which drops out of the machine at the same mo- 
ment that a second hall is put in at the top. The journals of one of 
the rolls are made to sBde back to prevent injury when any extra size 
of ball is put into the machine, and they are pressed down by a b^ance 
weight acting on two large tnple-threaded screws, maintaining a con- 
stant pressure on the roll, so that a large or small ball (within ordi- 
nary limits) is worked with the same pressure, and in as effective a 
manner as the regular size of ball. 

(See description and engravings of the machine in the Proceedings, 
April 23rd, 1851, and Plates 28 and 29.) 

chine is simple and not cranplicated in its construction ; it 
e in the charges of its erection, and, as far as experience 
; and ready in its working, since not a single irregularity or 
f the machine has occurred from the time it was started in 
tion, a period now of some months. 

important advantage of this machine is the economy of time 
the operation of blooming. It accomplishes 5 revolutions 
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per minute, and turns out one bloom in each revolution, which is at 
the rate of 12 seconds for each bloom; whereas the time required in 
the usual process of hammering is from 60 to 80 seconds per bloom, 
which is thus about 6 tq 1 in favour of the machine. By this 
rapidity of the process of blooming by the improved method, the iron 
is passed through the bar rolls at considerably greater heat than from 
the hammer, and is in consequence softer and much better worked 
in that process, the rolling being performed in the same heat as the 
blooming. 

A valuable consideration is the saving of expense in manufacture. 
The machine is self-acting, and requires no men to attend the working; 
whereas the hammer requires an experienced artisan in all instances, 
and sometimes two, and these men are entirely dispensed with by the 
machine being self-acting. 

In consequence of the increased speed at which the bloom is turned 
out, being only one-sixth of the time required by the hammer, the 
machine is cs^able of working for a much larger number of furnaces, 
and the puddlers are never liable to be kept waiting for their turns, as 
is frequently the case where one hammer works for more than eight or 
ten furnaces. On the contrary, with the machine, the greatest number 
of furnaces that can be placed in proximity thereto will not be sufficient 
to employ it, on the average, more than one-quarter of its time, and, 
therefore, a very great margin is afforded for meeting the unavoidable 
irregularities in the supply of the balls from the several puddlers, thus 
preventing the waste and deterioration of the iron from being detained 
in the furnace until the hammer is at liberty. The writer may observe 
that he has not the slightest doubt, that iron for various manufacturing 
purposes, can be made from this process alone ; he might instance iron 
for nail rods, which may be slit without extra heating, thereby avoid- 
ing both considerable waste and considerable cost and labour. 

The expense in tools is very considerable where hammers are used, 
and is much greater than with the machine. In consequence of the 
hot iron being five or six times longer in contact with the hammer and 
anvil than with the machine, and the hot cinder out of the iron lying 
upon the anvil instead of falling off constantly as it does in the machine, 
likewise from the impossibility of applying A constant stream of cold 
water to the hammer, as is done in the machine; the hammer and anvil 
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get SO very hot where a number of furnaces are working, that thej 
wear out very rapidly, sometimes lasting only a week. They are 
always liable to break, as is the helve also, and in casualties of this 
kind the loss is always great. To replace a hammer or anvil when it 
breaks or fails during the working (particularly when a large number 
of furnaces are at work), is attended with heavy expense, and the 
quantity and quaHty of the iron much diminished, from being detained 
in the furnace until the repairs are completed and the tools replaced, 
which sometimes occupies a considerable period of time. In case of 
fracture of the helve, the loss sustained is still greater, involving as it 
does the total stoppage of the works until the helve is renewed. 

The expense of keeping the machine in repair is very inconsiderable. 
The small amount of friction in its action and the slowness of its 
motion prevent any but moderate and trifling wear of the machine ; 
and the maximum power employed in driving not being greater than 
that for the hammer, the liability to breakage is considerably less ; that 
is, if the several parts of the machine are put properly to work. The 
machine at the writer's works, which is the only one at present in 
operation, has continued in constant work since it has been erected, 
about six months, with scarcely any outlay for repairs, except some 
incurred at starting, through defective construction of some parts of 
the apparatus ; and the writer is of opinion that the cost of wear and 
tear will not exceed £20 to £30 per annum, whilst the expense of 
keeping in repair one hammer, to do half the work of one machine, 
would be more than ten times that amount. 

An eflective provision is made to decrease the risk of breakage in 
the machine, by the proportionately light construction of the driving- 
dutch, which will give way before any other part can receive injury, 
and which clutch, if broken, can at any time be replaced in a few 
minutes. 

The saving of power with the machine is next to be noted. The 
power given out by the engine is only exerted by this jnachine during 
one-sixth of the time required by the hammer to do the same work, 
and during the greater portion of that time the power required in 
the machine is comparatively small, from the very soft and loose state 
of the ball, and the full power is not exerted until the revolution 
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is nearly completed ; whereas, with the hammer, the power absorbed 
is equal throughout the whole of the operation, as the same mass of 
helve is upheaved at each stroke of the hammer. Less power also 
is required in rolling the iron from the machine, owing to its greater 
heat and sofbiess. 

For the purpose of ascertaining the actual power expended in 
working the machine, as compared with the hammer, the foJl<J^ing 
experiments have been tried, and indicator diagrams were^^fiken from 
the steam-engine employed to drive both the machine aila the hammer, 
as well as the forge-roUs ; these indicator diagpse^ were taken by 
Mr. C. W. Siemens, who kindly undertook,*© try the experiments 
with Mr. Marshall. During these e^^pk^nts the engine was kept 
working at a uniform rate of 20 to 21 strokes per minute, and all 
the other machinery driven by the engine was kept out of use, and 
the engine was driving the same train of shafting and gearing in all 
the experiments^ making a constant addition to the power exerted in 
each case. 

Figs. 1 and 2, Plate 30, are a series of five indicator diagrams each, 
taken during the working of the machine alone, showing five succes- 
sive strokes of the engine. In each instance a series of five blooms 
was got ready, and the machine was regularly fed with a fresh bloom 
at each revolution, for the purpose of keeping it in constant steady 
work, and neutralizing any accelerating force that might be felt at the 
commencement from the momentum of the fly-wheel of the engine, so 
as to obtain a correct indication of the power expended in working 
the machine. 

Fig. 1 shows the whole power, from putting in the second ball to 
putting in the third ball, and fig. 2 from the fourth to the fifth ball of 
another series. The engine made 4} double strokes during one revo- 
lution of the machine, so that the five strokes shown in the diagrams 
include the whole process of blooming one ball in each case ; but as 
the machine only compresses the iron during about 2-3rds of its 
revolution, in consequence of the hollow left in the upper roll for 
putting in the ball, the power of the engine is exerted only during 
three strokes in compressing each ball ; and it will be seen by Figs. 
1 and 2, that these strokes show a progressive increase of power was 
exerted, as the compression of the ball advanced, and the iron became 
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barder4 The top line in Fig. 1 shows a very sudden increase of power 
at the last stroke of the engine^ indicating the final pinch or extreme 
pressure exerted at the moment of completing the bloom. 

Figs. 3 and 4, Plate 30, show a corresponding series of indicator 
diagrams, taken during the working of two different blooms under 
the hammer. The lowest line on Fig. 3 shows the power absorbed by 
the engine and shafting alone, before the hammer commenced working. 

The dotted lines in Fig. 5, Plate 31, show all the lines of Figs. 1 
and 2, Plate 30, reduced each to the same horizontal base line, for the 
purpose of comparing them together, and obtaining the mean of the 
whole, showing the working of the machine alone. 

Fig. 6 shows a corresponding comparison and reduction of all the 
lines in Figs. 3 and 4, being the working of the hammer alone. 

The full line £ in Figs. 5 and 6, shows the power absorbed in 
driying the engine and shafting only ; the mean of this is 3.70 lbs. 
pressure per square inch, and this portion is shaded on each of these 
Figs. 5 and 6, and also on the following Figs. 7 and 8. 

The full line P on Fig. 5 shows the mean of all the indicator 
diagrams, so that the space between the mean total power P, and the 
power absorbed by the engine and shafting E, expresses the mean 
power actually expended in driving the machine ; this averages 0.84 
lbs. pressure per square inch, or 8|-horse power. 

Fig. 6 shows in the same way by the ftdl line P, the mean power 
expended in driving the hammer^ and the average is 2.40 lbs. pressure 
per square inch, or 24f-horse power. 

But the machine completes each bloom in 12 seconds, whilst the 
hammer takes from 60 to 80 seconds for the same process. Conse- 
quently, the comparison of the total power is 105 (8f X 12), to 1732 
(24| X 70), being a proportion of 1 to 16^ in favour of the machine ; 
showing the power required to work the hammer to be 16^ times as 
great as that required to do the same amount of work with the 
machine. 

A similar comparison was also made between the machine and the 
hammer, when each was worked in combination with the forge-rolls, 
as is the case in ordinary working. 
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A series of five indicator diagrams was taken during the working of 
the machine and forge-rolls combined, with a continuous succession of 
ten balls passed directly from the machine through the rolls ; the rolls 
could not, however, work fast enough for the supply of blooms from 
the machine, although three blooms were in the rolls at once, as the 
one machine would be capable of keeping up a constant supply of 
blooms for three pair of rolls. The dotted lines in Fig. 7, Plate 31, 
show these diagrams reduced all to the same base line, for the same 
purpose as Figs. 5 and 6. 

A corresponding series of five indicator diagrams was also taken 
during the working of the hammer and forge-rolls combined, whilst 
one bloom was under the hammer and the previous one was in the 
rolls. These diagrams showed the highest pressure exerted during the 
operation, as the indicator dropped again to the lowest line in each 
instance after the completion of the highest line. The dotted lines in 
Fig. 8 show these diagrams reduced to the same base line as before. 

The fuU line E., in Figs. 7 and 8, shows the power absorbed in 
driving the engine and shafting onfy, the same as in Figs. 5 and 6, this 
portion being shaded to correspond. 

The fuU line P., on Fig. 7, shows the mean of all the indicator 
diagrams, and the Space between the lines P and £, expressing as 
before the mean power expended in driving the machine and rollsy 
averages 7.13ibs. pressure per square inch, or 64-horse power. 

The fiiU line P on Fig. 8 shows in the same manner the mean of all 
the indicator diagrams, and the space between the lines P and E 
expressing the mean power expended in driving the hammer and rolls, 
averages 9.43 lbs. pressure per square inch, or 84f -horse power. 

The comparison of these results cannot be made in the same manner 
as the former results, from the machine and the hammer alone ; as the 
time of each process of rolling was different from both of them, being 
about 40 seconds, and the iron from the machine could not be rolled 
80 fast as it was bloomed; but it may be observed that the total in- 
crease of power exerted to drive the rolls was actually less in the case 
of the machine than in that of the hammer, although there were three 
bars in the rolls at the same moment with the machine, but only one 
bar at a time with the hammer ; showing the great saving in the 
power required to roll the iron from the machine as compared with 
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that from the hammer, in consequence of its much hotter state when 
brought to the rolls. 

An important improvement in the quality of the iron is effected by 
the machine, which arises from the cinder being more thoroughly and 
minutely squeezed out of the metal in its progress through the 
machine, and from the powerful kneading and indenting action of the 
three rolls throughout the revolution of the machine whilst the iron 
is in a welding state, the effect of which is to increase the density 
and solidity of the metal, and to unite and bind the grain of the iron 
more effectually than can be done by the hammer. This action of the 
machine on the body of the bloom is constantly exercised ; but in the 
case of the hammer, the greater portion of the time is wasted in the lift 
and fall of the hammer, and this time is of great importance, as the hotter 
and more fluid the cinder is, the more completely can it be squeezed 
out from the body of the iron. The action of the machine is clearly 
shown by the accompanying sectional model, and it will be seen that 
the ball is made to take a somewhat triangular form by the pressure 
of the three rolls, and that every particle of the iron, in its turn, is, by 
the revolution of the ball, subjected to the kneading action of the rolls, 
and is thereby flrst pressed in towards the centre of the mass, and 
again squeezed outwards by the pressure that other particles are sub- 
jected to, thus giving great facility for the escape of the cinder from 
every part of the ball, and forcing it out in a more effective manner 
than the ordinary process of working a four-sided bloom under the 
hammer. It may also be remarked, that when it happens that iron 
is not properly worked in the puddling-furnace, or is prematurely 
taken therefrom, the imperfect puddling is shown in this machine by 
large cracks or fissures in the bloom, or the bad portion is forced in 
irregular projections to the surface, and is not enclosed in the mass of 
the bloom. 
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Mr. Beasley said he had made some further experiments as 
to the strength of the iron manufactured by this process, as 
requested at the last meeting, and although they had been but 
few, they would be considered, he thought, quite satisfactory. 
Four bars, l|^-inch diameter, had been made in the same manner, 
and from the same iron, from the hammer as from the machine, 
both being made out of the same heat of the furnace. They 
were tested by Mr. H. Parkes^ hydraulic press at Tipton for 
proving chain cables, and the first bar from the machine indi- 
cated a strain of 26^ tons before it broke. The first bar made 
by the hammer bore 27^ tons; the second from the machine, 26 
tons ; the second from the hammer, 25 ^ tons. He then tested 
two bars IJ-inch diameter, which had been piled; that from the 
machine bore 25^ tons, and the one from the hammer also 25 ^ 
tons. He also tried two bars of l^-inch diameter, which had been 
piled ; that from the hammer indicated 38 tons ; that from the 
machine, 40 tons. It appeared, therefore, that there is no material 
difference in strength between the bars made from the hammer 
and those from the machine. But for other descriptions of iron 
he thought the machine much better than the hammer. He 
exhibited some specimens of hoops, of very tough quality ; also 
specimens of other descriptions of iron, all bloomed by the 
machine. 

A model of the machine was exhibited ; also a sectional model, 
in which the operation was shown by a ball of putty. 

The Chairman inquired whether Mr. Beasley had ascertained 
the relative cost of the two different processes of manufacture. 

Mr, Beasley said he had not gone minutely into the matter ; 
but it was known to every iron manufacturer that the expense of 
the hammer is very considerable, the wear and tear and the 
breakage of tools and helves, amounting to an expense of at least 
Is. per ton. He found the machine saved in wages about 15d. 
per ton, besides the saving in power and in repairs; but in larger 
works the saving would be proportionately greater. Where there 
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were a great many furnaces to keep the machine regularly at 
work, the saving would be very considerable ; but he had not a 
sufficient number of furnaces adjoining the machine to keep it 
fiilly at work. 

Mr. Blackwell had seen the machine in operation^ and was 
convinced of its advantages. There was no doubt in his mind 
that the cinder is more perfectly extracted from the bloom by 
the machine than by the hammer ; and he thought there was 
no doubt that the quality of the iron was better. He quite 
agreed with Mr. Beasley as to the saving in the cost of manu- 
facture. 

Mr. Adams had also seen this machine at work, and was 
satisfied as to its efficiency; and believed the bloom was as good 
as that produced by the hammer. But he found the cinder 
still exuded in considerable quantity from the two ends of the 
bloom, when it received an end blow under the hammer ; and 
he thought a better quality than the ordinary iron from the 
hammer would be obtained by putting the bloom under the 
hammer immediately after it comes from the machine, to expel 
the remaining cinder. 

Mr. Beasley thought that in the case referred to, the ball 
must have been below the proper limit of size, and consequently 
not fully worked in the machine ; which would account for some 
cinder remaining. A variation of about 20 lbs. was allowed 
from the standard weight of each ball (about 90 lbs.), which 
was found quite sufficient with good puddlers, and was allowed 
for by the yielding of the weight on the screws of the machine. 
The cinder was still in so hot a state, after coining from the 
machine, as to be squeezed out by the rolls, and the greatest 
possible quantity of cinder was taken out by the rolls ; so that, 
in fact, they eflfected what would be done by using the hammer 
in addition to the machine. 

Mr. Blackwell thought the rolls squeezed out any remaining 
cinder, and remarked, as a test of the superior action of the 
machine in separating the cinder, that the yield imder the 
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machine is less than under the hammer; the weight of iron 
produced, of course depending upon the quantity of cinder 
squeezed out. 

Mr. Adams did not mean that the machine did not do the 
work as efficiently, and turn out as good a bloom as the ham- 
mer; but he thought that with the addition of the hammer a 
still better quality of iron might be advantageously produced 
than was at present manufactured, instead of reducing the 
expense. 

Mr. Beasley exhibited specimens of blooms, of the ordinary 
make, from the machine and the hammer; he had had a con- 
siderable number of them sawn through and polished ; and had 
not detected any flaw in those from the machine ; he thought 
they were at least as free from cinder as those made under the 
hammering process, and that no cinder was remaining in the 
body of the iron. Under the hammer a lap was sometimes 
formed, by one of the edges of the square bloom being turned 
over, which is injurious to the iron, as it makes an tmsound 
place or a hollow, in which some of the cinder is lodged, and 
cannot be driven out afterwards. A specimen of this kind was 
exhibited, a section of which is given in Fig. 1, Plate 32, showing 
the hollow in the body of the iron. Fig. 2 shows a good bloom 
from the hammer, and Fig. 3 the section of a bloom from the 
machine. 

Mr. CowPER illustrated, by a model, the mode in which the 
iron is kneaded by the action of the three rolls, and the cinder 
squeezed out from the whole of the mass. He said that he had 
observed the working of the machine, and was satisfied that the 
cinder was thoroughly squeezed out from the body of the iron. 
The hammer often chilled the surface of the bloom, which 
to a certain extent, enclosed the cinder, but in the machine 
the cinder ran out very freely ; and when that iron was rolled 
into bars, the cinder did not squeeze out of the ends, as is the 
case with the iron bloomed with the hammer ; in fact so much 
80, that in rolling the blooms from the hammer the men always 
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stand on one side, to get out of the way of the cinder flying out 
of the ends ; but with the blooms firom the machine he had never 
seen any cinder squeezed out from the ends in rolling, or if 
any it was very trifling indeed, although the iron was in a 
much hotter state when rolled than that from the hammer. 

Mr. Hodge said he could see the great advantage of this 
machine, but he thought the quality of the iron might be further 
improved by putting the bloom under the hammer after it comes 
out of the machine — ^but not the old style of hammer. 

Professor Hodgkinson said he thought the machine was a most 
ingenious process; but notwithstanding the good appearance 
of the iron, he felt a doubt whether it was quite so efficient as 
the hammer in squeezing out the cinder ; but he had not sufficient 
information to speak from, bs he had not seen the working of the 
machine. The appearance of the iron was certainly excellent ; 
and there was great ingenuity shown in the machine. 

Mr. Beasley wished to make one other remark relative to 
the heat of the bloom as it comes from the machine. He thought 
it was possible to make a good weld under the hammer, of two 
of the blooms from the machine ; he therefore tried two balls in 
rapid succession, and brought them to the hammer, when as 
good a weld was made as if the iron had been brought direct 
from the furnace. He believed iron manufactured in that way 
would save a great deal of expense in making rails ; and the iron 
could be rolled at once without a second heating of the metal. 

The Chairman observed that it was important that there 
should be a comparative test made of the quality of the iron as 
prepared by the machine, and that by the ordinary process of 
the hammer; and he suggested to Mr. Beasley to make a piece 
of iron, as well as he could under his process ; and get another 
manufacturer to make a similar piece under the old process of 
hammering : the two specimens might be then submitted to Pro- 
fessor Hodgkinson for examination of their comparative merits. 

Mr. Beasley said there might be a material difference in the 
quality of the specimens of iron, independent of the diflference 
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in the process of blooming, which would interfere with the 
results of the experiment. But he should be glad to try the 
experiment of the two processes, by taking iron from the same 
fiimace, at the same heat ; and if one ball was taken to the 
hammer and another to the machine alternately, and then the 
iron of each tested, he thought that would be a fair trial. He 
would be ready to go through a series of experiments for the 
purpose. 

Mr. Hodge thought Mr. Beasley's proposition would be the 
only fair plan of testing the two processes of manufacture. 

Mr. Blackwell also thought the proposition a very fair one ; 
and the comparison could only be made from the same starting 
point of the iron in the puddling furnace in each case. Even 
if the same ore were used, heated with the same description of 
coals, in two diflFerent furnaces, the working of the furnaces 
alone might make such a difference as to prevent the manufac- 
turing of the same quality of iron in each, however carefully 
the materials were adjusted ; and this would destroy the accu- 
racy of any comparison. 

Mr. Scott Russell remarked, that even if Mr. Beasley made 
no better iron by his machine than had been done heretofore 
by the hammer, he thought he had done a great deal in bringing 
the iron to a state to undergo the subsequent processes by more 
economical means. 

Captain W. S. Moorsom hoped the experiment would also be 
tried that had been suggested, of obtaining an improved quality 
of iron by the subsequent process of hammering in addition to 
the machine, so that a material of greater strength might be 
obtained if possible. 

Mr. Beasley said he would be glad to go into that matter ; 
undoubtedly the iron might be improved for some purposes by 
subsequent hammering, as suggested ; but for general purposes, 
he thought it would be useless, and an extra expense without 
any corresponding advantage. 

The Chairman proposed that any gentlemen who felt inter- 
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ested in the subject should communicate with the Secretary^ 
and arrange the further experiments to be conducted at Mr. 
Beasley's works, and bring the results before the Institution. 
A vote of thanks was then passed to Mr. Beasley for his com- 
mimication. 

The following paper by Mr. Paul R. Hodge^ of London^ was 
then read. 

ON THE PROGRESS OF IMPROVEMENTS IN LOCKS IN 
THE UNITED STATES OF AMERICA. 

It is seldom that any skilful mechanical arrangement of parts to 
carry out certain effects is the production of one mind, or one pair of 
hands; nor do we find that mechanical genius is confined to one country 
or any distinct race of beings. Perhaps there is no machine more 
ancient than that of a lock ; but it appears that, until about the year 
1774, very few improvements had been made in the construction of 
locks in this country, although the basis or principle on which all 
modem locks are constructed can be traced back more than four 
thousand years. The three principal locks manufactured in England, 
for the last thirty years, are those of Barron, Bramah, and Chubb; the 
inventions of each of which are based on the principle of the old 
Egyptian lock, the difference between them being only in the mecha- 
nical arrangements of parts to produce the same effect. The present 
communication is intended to show the insecurity of English locks 
generally, and to bring under the notice of the Institution the ingenious 
lock of Mr. Newell, of New York. 

It was conceded, about twelve years since, in the United States, by 
all locksmiths, that a lock having a series of tumblers or slides, such as 
was used at that time in Europe, and more particularly those of Barron 
and Chubb, was secure against all known means of picking, or of 
forming a false key by any knowledge that could be obtained through 
the key-hole. The only point that seemed desirable was, to make it 
secure against the maker, or any party who might have had possession 
of the key, and from it taken an impression. 

The first step, therefore, was to construct the lock so that the party 
using it could change its form at pleasure. 
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The most successful locksmith, for a time, was a Mr. Andrews, of 
Perth Amboy, in the State of New York; he constructed a lock 
similar to that made by Mr. Chubb, having a series of tumblers and a 
detector; but before placing the lock on the door, the purchaser could 
arrange the tumblers in any way, so that the combination suited liis 
convenience ; the key being made with a series of movable bitts, was 
arranged in a corresponding combination with the tumblers. 

In order to make a change in the lock without taking it from the 
door, each tumbler was so constructed that in locking the lock the 
tumbler could be raised, or drawn out, with the bolt. A series of rings 
was furnished with the key, corresponding with the thickness of the 
movable bitts of the key; and any one, or as many more of the bitts 
could be removed from the key, and rings substituted. These bitts 
being removed, and the rings taking their place, the corresponding 
tumblers would not be raised by the turning of the key, and conse- 
quently, would be drawn out with the bolt (becoming^ in fact, a por- 
tion of the bolt itself). Therefore, when a bitt was removed and a 
ring substituted, so much ©f the security of the lock was lost as de- 
pended on the tumbler that was not raised; consequently, a lock having 
twelve tumblers being locked with a key with alternate bitts and rings, 
would evidently become a six tumbler lock; but should a tumbler that 
was drawn out with the bolt, be raised in the attempt to pick or un- 
lock it, or should any one of the acting tumblers be raised too high, the 
detector would be thrown, and prevent the withdrawing or unlocking 
of the bolt. This lock was in great repute in the United States, and 
was placed on the doors of nearly all the principal banking establish- 
ments of the country; a large reward was offered by its maker to any 
one who could pick it; and from its great repute, it consequently 
called out many rivals. 

Mr. Newell, of the firm of Newell and Day, of Broadway, New 
York, was the most successful competitor, by constructing what he 
termed his Permutating Lock, which was composed of a series oi first 
and secondary tumblers, the secondary series being operated upon by 
the first series. 

Through the secondary series there was passed a screw termed a 
clamp screw, having a clamp overlapping the tumblers on the inside 

B 
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of the lock ; each tumbler in the series having an elongated slot to 
aUow the screw to pass through. On the back side of the lock was 
a small round kej-^hole, in which the head of the screw rested, form- 
ing as it were a receptacle for a small secondary key ; so that when 
the large key gave the necessary form to the tumblers, the party took 
the small key and operated on the clamp screw, clamping and holding 
together the secondary series, retaining them in the relative heights 
or distances imparted to them by the large key ; the door was then 
closed, and the bolt projected, and the first series of tumblers fell 
aga^ to their original position. 

The objection to this mode of constructing a lock was, that it re- 
quired the insertion of the small secondary key ; and should the party 
neglect to release the clamp screw every time he unlocked the lock, 
the first series of tumblers would be held up by the secondary series. 
Consequently, an exact impression of the lengths of the several bits of 
the key could be obtained through the key-hole while the lock was 
unlocked. 

Another and a more convenient method was devised by Mr. NewelL 
On each of the secondary tumblers he made a series of notches, cor- 
responding in distance with the difference in the lengths of the several 
bitts of the key (see DD in Figs. 1 and 2, Plates 33 and 34); on turn- 
ing the key each bitt raises its plate or tumbler, so that some one of 
the notches presents itself in front of the tooth on a dog or lever (HH). 
As the bolt is projected, the tooth being pressed into the several 
notches, the secondary series are held in their position by the tooth 
of this dog or lever, as shown in Fig. 2, thereby doing away with the 
necessity of the secondary key. In unlocking the lock the tooth is 
again detached, and the tumblers all fall to their original position, 
and the lock again becomes a blank, as in Fig. 1. 

It will be seen that there was no improvement in the actual safety 
of the lock against picking, the only object being to make a lock that 
could be changed by the party using it, in the most effectual manner. 

These improvements were all made prior to the year 1841 ; so that 
ten years ago many very valuable additions had been made to the 
detector and tumbler lock. 

In the course of Mr. Newell's studies, he conceived that the lock 
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of his competitor, Mr. Andrews, might be picked ; and the result was 
the picking of it by a very simple instrument, which is exhibited to 
the meeting. (See Figs. 8 and 9, Plate 33.) 

Mr. Newell immediately afterwards picked his own, with an instru- 
ment of a similar construction ; so that, in inyestigating the principle 
by which he could pick the lock of his rival, he discovered also means 
by which he picked his own ; and his candour in this affair was cer- 
tainly greatly to his credit, in making it known at once, and not con« 
cealing that his lock, as well as aU others based on the tumbler principle^ 
was insecure. 

The question, then, was with him and other makers of locks, in 
what way should they make a secure lock ? 

The first step taken was to add a series of complicated wards to the 
lock; but it will be readily seen that what can be reached with a key 
could be reached by some other instrument ; and although it required 
an instrument of a different form, yet the operation was just as certain, 
and fatal to the secupty of the lock. 

The next step taken, and one which was considered effectual, for a 
time, was the notching of the abutting parts of the first and secondary 
series of tumblers, or of the stump face and the ends of the tumblers. 
So that if a pressure was put upon the bolt, the tumblers could not be 
successively raised by the picking instrument being held fast by these 
^* false notches." This lock baffled the skill of all the country for a 
time, and was considered perfectly safe, until an ingenious engineer of 
the name of Pettis informed Messrs. Newell and Day that he believed 
it was possible to pick their lock. They immediately put their lock 
to the test, by putting it in a room in the Merchants' Exchange, 
in Wall-street, New York, offering a reward of 500 dollars, or 100 
guineas, to any person who could pick it, allowing them the privilege 
of examining the lock as long as they wished, and giving them their 
own time to make their experiments. 

The result was, that Mr. Pettis accepted the challenge ; the lock 
was picked; and Messrs. Newell and Day lost their 100 guineas. 
But that was not all ; their reputation as locksmiths went also. 

The lock in question is now in the United States department of the 
Great Exhibition, and can be examined by any person ; its workman- 
ship is beautiful, and it contains all the points of security hitherto 
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known and used in tumbler locks : it has sixteen tumblers, a detector, 
and false notches ; yet Mr. Pettis overcame all these obstructions, and 
picked it fairly. 

What was then to be done ? The alarm can be readily conceived 
of every banker, merchant, or broker, that supposed that they had a 
sure protection in that lock. 

The only reasonable conclusion by Mr. Newell was, that security 
could be obtained, not by adding difficulties, because difficulties could 
be overcome, but by constructing a lock so that the obstructions to the 
withdrawing of the bolt cannot be ascertained through the hey-hole. 

Upon this principle, and with this object in view, the Parautoptic 
lock, as shown in Plates 33, 34, and 35, was invented by Mr. Newell, 
retaining all that was deemed good in the locks previously made, and 
at the same time guarding against all the defects proved by actual 
experiment. A specimen of this lock is exhibited to the meeting. 

Fig. 1 represents the lock unlocked, with the cover or top-plate 
removed, also the auxiliary-tumbler and the detector-plate are re- 
moved. 

Fig. 2 shows it locked, with the cover and the detector-plate 
removed, and the auxiliary- tumbler in its place. 

Fig. 3 is the lock with the cover on, showing the detector-plate. 

Fig. 4 is a section of the lock taken through the key-hole, showing 
a transverse section of the tumblers and the bolt. 

Fig. 5 is the key ; and Fig. 6 an end view of the key, showing the 
screw by which the separate bitts are fixed in the key. Fig. 7 shows 
the six bitts of the key detached ; and Fig. 8 shows the same key as 
Fig. 5, but having the bitts arranged in a different succession, thus 
forming a different key. 

AA in Figs. 1, 2, 3, and 4, is the bolt. BB are the first series of 
moveable slides or tumblers, C the tumbler springs, DD the secondary 
series of tumblers, and EE the third or intermediate series, which form 
the connections between the first and secondary series of tumblers. 
FF are the separating plates between the first series of tumblers ; 
Gr the springs for lifting the intermediate slides or tumblers, to make 
them follow the first series when they are lifted by the key. On each 
of the secondary tumblers DD, is a scries of notches, corresponding 
in distance with the difference in the lengths of the moveable bitts of 
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the key ; and as the key is turaed in the lock to lock it, each bitt 
raises its tumbler, so that some one of these notches presents itself in 
front of the tooth h on the dog or lever HH. As the bolt A is pro- 
jected, it carries with it the secondary tumblers DD, and presses the 
tooth h into the notches in the tumblers, withdrawing the tongues d 
from between the jaws ee of the intermediate tumblers EE, and allow- 
ing the first and intermediate tumblers to fall to their original position ; 
whilst the secondary tumblers DD are held in the position given to 
them by the key, by means of the tooth h being pressed into the 
several notches, as shown in Fig. 2. Should an attempt be made to 
unlock the bolt with any but the true key, the tongues d will abut 
against the jaws ee^ preventing the bolt from being withdrawn ; and 
should an attempt be made to ascertain which tumbler binds and re- 
quires to be moved, the secondary tumbler DD that takes the pressure, 
being behind the iron wall IK which is fixed completely across the 
lock, prevents the possibility of its being reached through the key- 
hole, and the first tumblers BB are quite detached at the time, thereby 
making it impossible to ascertain the position of the parts in the inner 
chamber behind the wall IK. The portion 11 of this wall is fixed to 
the back plate of the lock, and the portion KK to the cover. 

L is the drill-pin on which the key fits ; and MM is a revolving 
ring or curtain, which turns round with the key, and prevents the 
possibility of inspecting the interior of the lock through the key-hole 5 
and should this ring be turned to bring the opening upwards, the 
detector-plate QQ, (see Fig. 3,) is immediately carried over the key- 
hole S by the motion of the pin P upon the auxiliary-tumbler 00, 
which is lifted by the revolution of the ring M, thereby effectually 
closing the opening of the key-hole. As an additional protection the 
bolt is held from being unlocked by the stud R bearing against the 
plate Q; also the lever TT holds the bolt when locked until it is 
released by the tail of the detector-plate Q pressing the pin U. V is 
a dog holding the bolt on the upper side when locked until it is lifted 
by the tumblers acting on the pin W. XX are the separating plates 
between the intermediate tumblers EE ; Y and Z are the studs for 
preserving the parallel motion of the different tumblers. 

There areiseveral features in the construction of this lock which are 
deserving of particular attention. The most novel and extraordinary 
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iSy that the lock changes itself to the key; in whatever form the move- 
able bitts on the key are changed, the lock answers to that form, without 
moving any part of it from the door. 

The party purchasing the lock can change it to suit his convenience. 
K a 6-tumbler lock, to 720; if 7 tumblers, 5,040 ; if 8, 40,320 ; if 9, 
362,880; if 10, 3,628,800, and if 12, 479,001,600. Therefore it wiU 
be perceived that, by changing the numerical position of the bitts in 
the key, the lock can be altered, or in fact alters itself to any number 
of new locks, equal to the permutation of the number of bitts on the 
key. Two extra bitts are supplied with each key, which add very 
greatly to the number of changes. As the key turns round, each bitt 
raises its tumbler to a point corresponding with its length, imparting 
to the first and secondary series the exact form of the key. The secon- 
dary series of tumblers being carried out with the bolt, and the tooth 
on the lever or dog being pressed into the several notches on the firont 
face of the secondary series, holds them in the position given them by 
the key, while all the other portions of the lock fall again to their 
original position. 

Should a pressure be put on the bolt to ascertain the obstruction, 
it will be readily seen that it will be brought to bear on the third or 
intermediate tumblers. To prevent the possibility of reaching these, 
there is a wall of metal fixed across the lock, which confines the 
operator wholly to the key-chamber. Bj detaching the portion of 
the tumbler that takes the pressure given to the bolt from the parts 
that can be reached through the key-hole, leaving that portion always 
at liberty, the possibility of ascertaining what is wrong is cut ofi* ; so 
that instead, as in the former lock, having only 2k first and secondary 
series, Mr. Newell here introduced a third or intermediate series; 
thereby throwing the whole security of the lock into a chamber be- 
yond the wall of metal, which is wholly inaccessible, and forming as 
it were another lock without a key-hole. These are the principal 
features of security in Mr. Newell's Parautoptic Lock. 

There is another source of insecurity that has still to be provided 
against : when the first tumblers can be seen through the keyhole, if the 
underside of them is smoked by inserting any flame, the key will leave 
a distinct mark upon each tumbler the next time it is used, showing 
where it began to touch each tumbler in lifting it. This can be seen 
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by inserting a small hinged mirror into the lock through the key-hole, 
and the exifect length of each bitt of the key measured, from the centre- 
pin to the point where it touched the particular tumbler, from which 
a correct copy of the key can be made. (An electric light from a small 
portable battery has been employed for this purpose, to illumine the 
interior of the lock .) 

The possibility of seeing the tumblers is entirely prevented by 
surrounding the inside of the key-hole with the ring or revolving 
curtain; and when this curtain be turned, to bring the opening opposite 
the tumblers, the key-hole is shut on the outside by the detector 
tumbler, which tumbler would also detect all attempts at mutilating 
the interior parts of the lock. 

Should the lock be charged with gunpowder, through the key-hole, 
for the purpose of blowing it from the door, the plug in the back of the 
key chamber yields to the force, leaving the lock uninjured, whilst the 
curtain protects the interior of the lock from injury, thereby eflfectuaUy 
preventing all known means of opening or forcing the lock. 



Mr. Hodge begged to observe, that although he had been 
drawn into a controversy upon the subject of locks, he had not 
any personal interest in any lock, nor had ever invented any 
portion of a lock; and he had taken up the matter purely as a 
mechanical question, and one, he thought, of very general inte- 
rest. He had, therefore, brought before the meeting the descrip- 
tion of the very ingenious lock of Mr. Newell, and the progress 
of the invention of the previous American locks ; and begged to 
refer to the report upon the lock by the Mechanics' Institute of 
Lower Austria, by whom Mr. Newell was presented with a gold 
medal for the invention. 

Mr. Chubb said he considered that he had been treated with 
unfairness in the trial that had been made of his lock, and com- 
plained of the manner in which the lock that had been picked 
was procured from him. 

The Chairman remarked, that the object of the discussion 
was io ascertain the relative merits of the American lock des- 
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cribed in the paper that was before the meeting, and the discus- 
sion shoiild be confined to the mechanical part of the qtiestion. 

Mr. Chubb wished to explain that the lock and keys which 
Mr. Hobbs had picked, were purchased by Mr. Hobbs, and 
remained seven days in his possession before the trial took place ; 
and any lock might, in a few hours, be made safe to be picked. 
He wished to show that it had not been done in a fair way. He 
had given in the Times newspaper a public challenge to Mr. 
Hobbs to come and pick one of his locks, which he had put upon 
a door for the purpose, but that had been declined. He denied 
emphatically that any one could pick, within any reasonable time, 
one of his locks which had not been tampered with. 

Mr. Chubb then produced two locks, which he said were of 
his ordinary make, and oflFered that they should be examined by 
the Chairman and Mr. Scott Russell, to ascertain that there was 
no unfairness about them, and then put upon a door, and that 
Mr. Hobbs might come one day to take the impression of the 
keyhole, and then come five hours any day during the week, and 
pick the locks if he could. 

Mr. Scott Russell said he thought that was the definite 
point to be arrived at. He had not been acquainted with the 
American lock before, and was much struck with its ingenuity 
and perfection. He certainly considered it to be unpickable, 
and had a fear that Mr. Chubb's lock was pickable, and he was 
glad to hear of the present offer ; if Mr. Chubb liked to put 
those locks on the table, with the challenge to pick them, and 
they were not picked, it would be a practical illustration of the 
excellence of the locks. He suggested that it would be most 
eligible for the Council of the Institution to appoint a committee 
of two or three qualified persons to act as arbitrators in the 
trial. 

The Chairman remarked that the object of the paper being 
read at the meeting, was to ascertain the relative merits of the 
different kinds of locks ; but it was not advisable that the Insti- 
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tution should do more in this matter than afford an opportunity 
for a fair and open discussion, and also for recording the facts 
of any experimental trial of the different locks. The discussion 
had now brought them to the point of Mr. Chubb bringing for- 
ward his lock, and offering to the American lock-maker an 
opportunity to try and pick it. 

Mr. Hodge said he considered the only fair trial would be, to 
take one of the locks made for regular sale, not one made on 
purpose for this trial ; and he proposed that the trial shoiild be 
made with a lock which had lately been purchased from Mr. 
Chubb's shop, with this object, by an independent party, Messrs. 
Dew, of Cheapside. This was a legitimate first-rate lock of 
Mr. Chubb's make, and had been kept sealed up ever since it 
was purchased, and Mr. Hobbs had never seen it. He proposed 
that this lock be placed in the hands of a committee, with the 
approval of both parties, and Mr. Hobbs be allowed an oppor- 
tunity for picking it. 

Mr. Chubb said that in a set trial, he would not be bound to 
any lock which another person had obtained from him for that 
purpose. 

Mr. Scott Russell suggested that it would be most satisfac- 
tory for two or three mechanical men to be appointed a Com- 
mittee, to settle what should be the terms of the trial, which 
should be fair to both parties, as a test of the respective locks. 
That would be an experimentum cmds, to bring the question to 
a settlement. 

Mr. Hobbs begged to explain that he had not come over to 
this country for the purpose of picking locks, but to dispose of 
his own lock. He was a lock manufacturer; and in the course 
of explaining the merits of his own lock, it was necessary to show 
that the lock of another maker was insecure, and he had to prove 
the assertion practically, by showing that the other lock could 
be picked. He did not refer to Mr, Chubb's lock in particular, 
but to the general principles of tumbler locks in this country. 
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which he mamtained were insecure and could be picked ; and 
in his own lock the insecurity that he alleged in other locks was 
guarded against. 

The challenge respecting his own lock, was that a party might 
take any commercial lock, examine it as much as he pleased, 
without limit of time, and take the lock to pieces and put it 
together again, in the presence of oonpetent persons ; the lock 
to be then locked in their presence, and if the party could pick 
it in any time and after any number of trials, a prize of jB1,000 
would be given. With regard to the mode of picking the 
regular tumbler locks, it was a plain mechanical operation with 
the instrument that had been described. 

Mr. Chubb requested that the terms of his challenge might 
be taken down by the Secretary, who replied that he had done so. 

Mr. Geach said he thought as so much was involved in the 
question, they should give every assistance in setting it right : 
the greater number of persons who had locks had not the means 
of knowing whether they were secure or not. A paper had 
been read to the Institution, in which it was stated that Chubb's 
and other locks could be picked, not only by Mr. Hobbs, but 
even by apprentice boys ; and therefore he thought the question 
ought to be set at rest by conclusive experiments, not upon any 
lock specially made for the purpose, but upon locks which are 
sold to the public as safe locks. He thought if such experiments 
were tried before competent persons selected from the Institu- 
tion, it would be very satisfactory to the public, in order to 
ascertain^ whether the ordinary locks with ordinary facilities for 
picking were pickable or not, 

A Member wished to ask whether Mr. Hobbs did not pick 
one of Mr. Chubb^s locks, at the Exhibition, in seventeen 
minutes ? 

Mr. Hensman replied that Mr. Hobbs had done so, and the 
lock, he believed, was the same as the one laid before the meet- 
ing. He examined the lock, and believed it had not been tarn- 
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pered with in any way ; he then locked it^ and in seventeen 
minutes Mr. Hobbs picked it fairly in his presence^ with the 
description of tool that had been shown to the meeting. He 
thought that Mr. Chubb should examine the lock, to see that it 
had not been tampered with ; he understood that the lock had 
been purchased by Mr. Hobbs for the purpose, at Mr. Chubb's 
shop. 

Mr. Appold remarked that he was also present at the trial, 
and he confirmed Mr. Hensman's statement. The number of 
the lock was 142,352. 

Mr. Hobbs observed, that it had been objected that the lock 
just referred to had been in his possession some days before he 
picked it ; but if it was in the same state then as when it was 
bought, that did not affect the question ; and it was now laid 
before the meeting. He had picked it at the Exhibition, in the 
presence of a party of gentlemen, only for the purpose of show- 
ing the principle upon which tumbler locks could be picked ; he 
had never taken the tumblers from the lock, nor altered the lock 
in any way, and had merely fitted his instrument to the key- 
hole, in the same way that it could be done if the lock were fixed 
on a door. K any party of gentlemen will purchase one of Mr. 
Chubb^s locks, a fair commercial lock, place it under seal, and 
fix it upon a door, he was ready to go and pick it ; the lock to 
be examined previously by the parties and by Mr. Chubb, to 
ascertain that it was a fair representation of that principle of 
locks. 

The Chairman said he thought the question had better be left 
to be settled, as had been suggested, by a Committee appointed 
by the parties themselves, independent of the Institution, to 
avoid involving the Institution in any contest of mechanical skill; 
the members of the council would be glad to assist, and he hoped 
the facts of the experiments would be laid before a future meeting. 

He proposed a vote of thanks to Mr. Hodge for his interesting 
paper, which was passed. 
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A paper by Mr. HenQr II. Henson, of London, ^^ On Improve- 
ments in the Construction of Railway Waggons/^ was partly read, 
and the further consideration of it was adjourned to the next 
meeting. The meeting then terminated. 



After the meeting, a party of one hundred and seventy of the 
Members and their Mends dined together at the Freemasons^ 
Tavern, including a number of Foreign Engineers and Jurors of 
the Exhibition, who had been invited on the occasion by the 
Members of the Institution, in celebration of the period of the 
Great Exhibition of the Industry of all Nations. The President 
of the Institution, Mr. Robert Stephenson, M.P. occupied the 
chair, and in the course of the evening, the company was ad- 
dressed by General Poncelet, General Wilson, Colonel Morin, 
Count Rosen, M. Weidtmann, Mr. James Walker, C.E., Mr. 
William Keogh, M.P., Mr. Joseph Locke, M.P., Mr. James 
MacGregor, Mr. J. Scott Russell, Mr. Wyndham Harding, Mr. 
John Penn, and Mr. Charles Geach, M.P. 
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PROCEEDINGS. 



The General Meeting of the Members was held at the 
House of the Institution, Newhall Street, Birmingham, on 
Wednesday, 30th July, 1851, J. E. McConnell, Esq., Vice- 
President, in the Chair. 

The Secretary read the Minutes of the last General Meet- 
ing, which were confirmed. 

The following paper, by Mr. Henry H. Henson, of London, 
was then read : — 

ON IMPROVEMENTS IN THE CONSTRUCTION OF 

RAILWAY WAGGONS. 

Until very recently, it could scarcely be said that this subject 
had been fairly entered upon ; and it had received but little atten- 
tion, except from those whose experience had been derived from 
the construction and working of common road carriages, which, 
however valuable for the purposes for which they were designed, 
were based on totally different principles from those required for 
the Railway traffic of passengers and goods. 

Amongst the early contributors to the production of the Rail- 
way Waggon, were included the great carriers, their agents, road 
contractors, farmers, builders, wheelwrights, salesmen, graziers, 
timber merchants, and others, who differed greatly in their 
opinions as to what was wanted. Their individual experience, 
though highly valuable in reference to their respective depart- 
ments, required, in order to elicit any practical result from this 
mass of information, to be blended and digested by others more 
experienced in the practical working of the new system. 

One of the greatest evils inflicted upon the Railway Companies, 
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has been the absence of arrangement or consultation between 
the officers of the different lines, in order to consider the best 
construction of the various vehicles intended to be used in the 
conduct of their traffic. The result has been, that several Com- 
panies have built a class of stock to some extent unsuitable to 
work conjointly the business of their own and other lines. So 
serious are the evils resulting from this most imfortunate state 
of things, that it actually at this moment prevents that extent of 
improvement being carried out of which the system is capable. 
The consequences of this want of some common plan of action 
are most expensively felt. The Institution of Mechanical En- 
^eers has proved highly useful in practically investigating 
railway machinery, and has greatly promoted safety and economy 
by fiill discussion and inquiry. 

The purpose of this paper is, an attempt to show the progress 
of construction in Bailway Waggons, e:q>laining the gradual 
changes enforced by circumstances and experience. The writer 
may here remark, that his attention was first called to this subject 
by the daily exposure of the merchandise to certain damage, and 
the constantly recurring loss to the Bailway Companies, from the 
primitive mode in which the conveyance of the vahiable traffio 
was conducted. 

The original form of Goods Waggon generally employ^ on 
Eailways, from the opening of the Liverpool and Manchester 
line, in 1829, and for many years afterwards, was nothing more 
than a platform upon wheels, about 10 feet long, with sides 
varying from four to ten inches high above the floor level. In- 
deed many of them are still employed, and for certain portions 
of the traffic, such as minerals, casks, stone blocks, iron pipes, 
and sundries, they are as well adj^pted, as they are unfit unpro- 
fitable and dangerous if employed in the conveyance of the 
merchandise generally. The load per waggon was about 2 tons ; 
the weight of the waggon from about 2i to 3^ tons. 

The want of perfection, or unfitness, of the low open Waggon 
was very early perceived, and the improvement required faintly 
foreshadowed by the addition of portable sides and ends. 
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which were merely open crib-rails, dropped in staples at 
the sides and ends of the Waggon, and secured at the 
comers by hooks and eyes. To tliis slight improvement was 
soon added the worst evil of all, the inflammable and expensive 
tarpauling, the use of which has involved such costly contingencies. 
The most striking defect common to the open Waggons, is the 
facility with which large bales fall h'om the trucks upon the line, 
whereby numerous accidents have arisen. In shimting and 
starting the train, it is clearly impossible that the goods can keep 
their position on the floor of the Waggon, without the protection 
of sides and ends. 

The crib-rails and tarpaulings are not only very costly^ 
considering they fail to answer the purposes of safety and 
protection, but their use has entailed great danger and expense. 
Serious accidents have happened from the negligent way in 
which the portable sides and ends are suffered to Ue about the 
Bailway ; the falling of them from the Waggons is an occurrence 
which has been attended with serious derangement of the traffic. 
Trouble and expense are also constantly recurring from the great 
labour of taking down and refixing the crib-rails to the Waggons ; 
and if it be said they are not always removed, then the trouble Of 
loading and unloading must be greatly increased. Neither can 
the important item of repairs be said to be moderate, if 
considered, as it should be, in relation to imperfect service, 
maintenance of crib-rails and tarpaulings — admittedly different 
articles, but all of them needful to the completion of this most 
imperfect Ws^gon ; to which may be added claims for damage 
done to the goods carried by these trucks. 

Fig. 1, Plate 36, shows the improved Open Goods Waggon 
used upon railways at the present time ; it has fixed high sides, 
with doors at the end, and is covered with a tarpauling. 

The faults of the tarpauling are so well known to all connected 
with the practical use attempted to be made of it, that the writer 
will only observe, that its employment should only to a very 
limited extent have been permitted in the conduct of the Eailway 
traffic. In a conversation with one of the great carriers, he was 
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informed that the yearly cost of tarpaulings to the firm was 
£3,000, and one item of this expenditure arose from the employ- 
ment of eight men kept for the purpose of repairing the 
tarpaulings. The writer helieves he is perfectly correct in 
stating, upon the same authority, the use of tarpaulings to have 
heen a charge of 4d. per ton upon the goods. 

The tarpaulings were certainly extensively used in the inland 
navigation of the Canals, to protect the contents of the hoats 
from water, hut the same ipeans has been employed, with strange 
inconsistency, to protect the goods carried by Railway frt>m fire. 
The costliness of tarpaulings may be inferred from the fact, that 
to some large Companies the annual expenditure for them is 
about £12,000, exclusive of all the other expensive contingencies 
inseparable from their use. In wet weather, the writer has seen 
as many as three tarpaulings used in covering the contents of a 
single Waggon, and even these have failed to keep dry the 
merchandilse. This arises from the great number of small holes 
which are daily made in them, from some sharp point or angle of 
a package cutting them through. So uncertain is the probable 
duration of a tarpauling, that a new one is sometimes spoiled the 
first day of its employment ; each tarpauling costing from M 
to £6. 

It is evident that an open truck is a box without a lid, whether 
it be made of crib-rails or deal-board sides and ends. Over this 
a tarpauling is thrown by three or four men, who attempt to 
secure it, by pieces of rope provided for the purpose, to the hooks 
or rings attached to the Waggon, but it often happens that the 
trucks are not filled to a level with the top side of the Waggon ; 
the consequence is, that when heavy rains fall, the weight of the 
water collected on the top of the tarpauling is so great, as to 
invert it in the centre, making a pond or dished cistern, of about 
nine inches deep, or more, containing many gallons of water. 

The Goods Manager of one of the great lines informed the 
writer, that in the wet season he has employed as many as twenty 
men to throw off the water collected on the tops of the tarpaulings^ 
and tighten them on the road, at one station only; hut that on their 
arrival at London they were again in the same state : this was 
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when the tarpaulings were sound. In those cases where they 
were not water-tight, the damage done was serious ; tea, sugar, 
cheese, silks, and indeed all other goods were more or less 
damaged, entailing complaints from the puhlic, and much loss to 
the Companies. 

Those princely merchants, the East-India Company, have 
shown much more tact and prudence, in the employment of a 
large covered portable warehouse on wheels, perfectly secure 
from any contingency whatever ; to have employed an open cart 
and tarpauling, for the removal of the treasures of the East from 
the docks to their warehouses, would have been a parallel to the 
open Railway Waggon, and as costly. 

The various drawings will convey some idea of the progressive 
nature and date of the changes in construction of Hallway Waggon 
stock. The success and extent of these improvements may be 
inferred from the fact that, ten years since, the stock of one great 
Hallway Company was only one fifth of its present niunber, and 
the money receipts about one sixth, yet the annual cost for 
maintenance is now not double the amount it was at the period 
referred to. 

The attentioil of the writer was forcibly called to the immense 
loss, arising from the destruction of property — occurring whenever 
an accident took place — not only from damage done to the goods 
in the open Waggons broken up, but also much more from goods 
thrown out of the same, when oflf the line ; the ordinary open 
Waggon being no better than a box or basket without a cover, 
from which is ejected the whole of its contents when the 
Waggon is turned over; and this has sometimes been upon 
the rails — into a field — a ditch — down an embankment — or into 
a canal. 

These evils were often the subject of remark, and finding that 
no one attempted to improve the system, the writer determined 
to make an effort, which has resulted in the New Covered Goods 
Waggon, shown in Fig. 2, Plate 36, and of which a model is 
before the meeting. This subject is brought forward for the 
piupose of calling attention to the remarkable contrast which has 
been practically found by experience to result from the use of the 
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New Covered Waggon, or Transit Warehouse, as compared with 
the open waggon. 

Accidents to trains containing the New Covered Waggons have 
happened ; some of them have heen thrown to the hottom of 
steep embankments, and others forty feet from the rails, into a 
field, and in fact exposed to all the violence of collisions taking 
place with trains consisting of seventy Waggons, travelling firom 
twenty to thirty miles an hour, and loaded on an average with 
8^ tons each, the gross weight in motion being about 490 tons ; 
and in all cases, and under the most difficult circumstances, 
the contents of the Covered Waggons have been preserved, in 
most instances, from any damage whatever, while the waggons 
themselves, from the peculiarity of their construction, have 
sustained so little damage as to have excited particular notice. 
A case recently occurred of two of these being thrown off the 
rails, while the train was at full speed, containing 4^ tons of 
goods each, which were not at all damaged, neither was the 
square of the waggons found to have been broken. 

In the year 1830, the speed of passenger trains was under 
twenty miles per hour, but at this period the speed of goods 
trains reaches from twenty to thirty miles an hoinr, with a degree 
of safety not at all second to the passenger trains : therefore, 
the sound construction formerly necessary for passenger carriages 
became fully needed by the present requirements of the traffic 
for the goods Waggons. 

The construction of the New Covered Goods Waggon is adiq[>ted 
to meet this demand. By a well-considered and scientific em- 
ployment of wood and iron, perfect rigidity has been obtained 
in all parts of the superstructure of the Wa^on, which has the 
effect of permitting the utmost freedom in the mechanical parts 
intended to move, and thereby greatly to facilitate its following 
the engine. The New Covered Waggon, while it actually costs 
less, first cost excepted, performs the important service of running 
more miles, and earning a lai^er sum of money, free from aD 
dfflms for damage, than any oth^ Waggon in use. It is in more 
favour with the carriers and the public, and is consequently more 
employed; and it is acknowledged to be so little i^ected in 
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requmng repair as to have excited attention. It was remarked a 
few days since, that the Covered Waggons were rarely out of 
order; in fact, only through accidents, and repairs caused thereby, 
grease and wheel-turning being the chief charges against them. 

It will be observed in the section shown in Fig. 4, Plate 37, 
that the side door-posts of the Waggon, the openingfor the admission 
of goods, the slide, roof, ribs, waterway, and door-beads, are 
examples of a combination of wood and iron of much value. 
The doors, slide, and waterways, although in continual use for 
five years, have not cost two shillings each for repairs ; neither 
has a single door-post been broken, or in any way damaged. 

An important feature in the New Covered Waggon is, having 
obtained a perfectly even and smooth interior of the sides and 
ends of the body, or loading space, which is nearly 600 cubic 
feet, being almost double that of the ordinary open goods truck. 
The practical value of this improved surface has most effectually 
benefited the public, the carriers, and the Companies ; whereby 
a cause of great complaint, expense, and trouble, has been 
removed. The cases of damage done to bales of goods, by 
chafing against the uneven sur&ces of the bolts and rivet-heads 
of the open Waggons, has been reduced to one in a thousand cases 
of those constantly occurring before. The entire build of the 
Waggon is so contrived, that when once closed it cannot be 
entered or taken to pieces, even by the workman who has con- 
structed it, without first obtaining access to the interior, the 
whole of the superstructure being fastened from the inside ; a 
lock and bolt of great simplicity are secured on the same prin- 
ciple. One man can open and securely close the New Waggon, 
while several men are required to put the tarpaulihg on the open 
Waggon. 

The inflammable nature of the coverings used for Open Waggons 
greatly increases the risk of fire, from cinders falling upon them 
firom the Engine, and which would happen daily but for the 
fortunate circumstance of the wind seldom blowing in a direct 
line with the progress of the train. But for this mere accident, 
trains taking fire would be daily occurrences. 

B 
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The Covered Waggon also affords the most remarkable 
protection to other Waggons from being ignited by their 
proximity to any that may be on fire in the train. Instances 
have happened on several lines of Kailway, property where 
in Open Waggons, as well as the trucks themselves, have 
been destroyed. The New Covered Waggon, if in a train of 
ordinary Waggons on fire, will effectually cut off the progress of 
the flames from being extended to the next tarpauling, and conse- 
quently to the open Waggon and its contents. Several Instances 
of the New Waggons rendering this service have arisen. One of 
them contained some thousand pounds' worth of silk, and in the 
words of the official report, the contents were not damaged, while 
the Waggon itself was merely charred, and the paint blistered 
at the end next the fire, which was raging while the train was 
drawn into the nearest station. In fact, fire occurring in open 
Waggons spreads rapidly ; the flames being very forcibly driven 
backwards by the speed of the train, will fire all the Waggons 
behind, if covered with tarpaulings, or open, but they are effec- 
tually stopped by the Covered Waggon checking the progress of 
the flame back. 

The liability to fire is only one of the many objections to the 
tarpauling covering ; it is very liable to be blown about, and 
sometimes off, exposing the contents of the Waggon to eveiy 
contingency. 

The perfect security now obtained in the transit of the goods 
in the Covered Waggons has caused the ordinary insurance of one 
pound per ton for silk to be discontinued, as also an allowance 
formerly made to the men for extra care of the goods previously 
conveyed in open Waggons. The object of the writer has been, 
to avoid every known defect of the open Waggons, and gradually, 
as far as practicable, to remove the immediate causes of damage 
to goods, loss of waggon service, and to reduce repairs as nearly 
as possible to grease and wheels, and so to improve the construe- 
tion generally, as to adapt it to the varied, but well-defined 
requirements of the Railway system. The absence of all claim 
for damage done to property, carried in the New Waggon, is a 
fact that proves some success has attended these efforts. 



RAILWAY WAGGONS. 11 

Further proof of the value of the Covered Waggon may be 
inferred from the fact, that the carriers consider their work to 
be half done, when once the goods are deposited in the Improved 
New Covered Waggon, as compared with the serious respon- 
sibility of sending the goods in an open Waggon. The cwriers 
stated to the writer th^t great anxiety is felt until the time has 
passed for the arrival of the open Waggon at its destination, and 
the delivery of one post ; and it is only on the non-arrival of 
complaint at the period referred to, that the carriers begin to feel 
secure from any claim for damage. The Corresponding Clerk of 
one large establishment also reports that he is at a loss to name 
an amount for the unmistakeable saving effected in corres- 
pondence, since the Covered Waggons were first introduced; and 
more especially as the traffic has increased to an extent not 
anticipated by the most sanguine. The goods deposited in a 
Covered Waggon invariably arrive in precisely the same state as 
when loaded, free from wet, &c. Some thousands of letters less 
have come to hand in reference to goods lost and damaged by 
conveyance in open Waggons. 

Even with what used to be considered the ne plus ultra of the 
Open Waggon plan, (Fig. 1, Plate 36,) with that great step in 
improvement — ^permanent wood sides and ends — little more 
security is effected than by crib-rails. This plan can hardly be 
said io have been subjected to the rule of science at all ; it merely 
consists of certain parts of wood and iron, most unskilfully 
proportioned to construct a Railway Waggon, the sides and ends 
forming the superstructure being boards merely laid horizontally 
edge to edge, and the standards bolted across the face of tlie 
boards, at right angles ; leaving all free to work, like so many 
parallel joints. The effect of this mode of building is, that the 
whole of the parts soon become loose, and, quite as much as the 
traffic, accelerate the destruction of the Waggon. 

Another cause of serious expense, attached almost exclusively 
to the Open Waggons, is the great danger and outlay incurred by 
the defective state of the floors, which are found to decay rapidly, 
the consequence of continual exposure to the different effects of 
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summer and winter. No attention had been directed to the 
importance of constructing Waggon stock to remove this serious 
defect, until the writer gave it his consideration. He has 
seen himdreds of the open goods and cattle waggons standing, 
in winter, with two inches depth of manure and water covering 
the entire area of the floor, in which holes have afterwards 
been made to let out the water. One of the greatest prac- 
tical evils resulting from rotten floors is, the great facility 
with which the legs of the cattle have slipped through and 
been broken. The trains have in some instances been thrown 
from the line, causing much delay and expense. In one or two 
cases, the beast fell completely through the bottom of the Waggon 
upon the line, whereby the traffic was interrupted, and much 
damage done. Open merchandise Waggons would be the source 
of many more accidents and greater expense, but for the vigilance 
of experienced and attentive local examiners of the trains, at the 
stations on the road. The constant expense caused by the 
exposure of the Open Waggons to the deteriorating influence of 
the weather, whether in or out of use, is most serious in amount, 
as there are several millions* worth of waggon property under- 
going depreciation from this cause, for which the Companies 
have to pay a tax equal in amount to that for the employment of 
the work. 

The result of many years* experience has shown that 
doors at the end of a waggon are a source of great expense for 
maintenance, as the ends are subjected to by far the greatest 
portion of the work, from the violent strains in starting and 
stopping ; and the end doors also cause much inconvenience in 
working at the stations. The adoption of side-doors was, 
however, considered objectionable, because the sides of the 
waggon were then cut completely in two, and rendered weak ; 
but this objection has been got over in the New Roofed Waggon, 
in which the sides are frilly as strong as the rest. The 
side sliding doors of the New Waggon are always free to move, 
as well as the moveable portion of the roof, by which valu- 
able provision, the crane chain can deposit or remove a bale of 
goods, however heavy, from any part of the interior of the Waggon. 
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(See Gross Section, Fig. 4, Plate 87.) Indeed, such is the ease 
with which the operations of loading and unloading can he per- 
formed, that the carriers report that the goods almost tumhle in 
and out of the Covered Waggon, when the steam crane is used ; 
at once removing all douht, if any were entertained, ahout the 
great saving of lahour, and ahsence of all inconvenience, attending 
the use of the New Waggon. In the words of the carriers' report, 
" no one can properly estimate the saving effected in property 
and time hy the employment of the Covered Waggon." 

In addition to the serious disadvantages of the old open plan 
of Waggons, with which property to a large amount is either 
stolen, burnt, or damaged hy water and other means, there is yet 
another remarkable circumstance, that has not been adverted to. 
Some Waggons contain meat instead of merchandise, and then 
they not unfrequently become a travelling cooking apparatus, in 
which cargoes of whole sheep and pigs are roasted, but, what is 
much more unsatisfactory, spoiled also. The New Waggon is 
not only proof against fire happening to its contents from external 
causes, but is almost so in reference to its own construction. 
One of the plans generally adopted, is an entire outside skeleton 
of wood framing, well secured in all its parts by suitable ironwork, 
the inside of which is lined with sheet-iron plates, of No. 16 
gauge, which are fixed by screws to the wood scantling. The 
under side of each plate is bedded upon strips of felt, laid upon 
the inside of the wood standards, three inches wide. The plates 
form a flush butt joint with each other, having a surface bearing 
of IJ in. against the framing of the body, thereby securing a 
perfectly even and smooth surface of iron over the entire area of 
the loading space. This evenness secures the packages from 
damage by chafing, and effects great durability and rigidity in the 
superstructure of the Waggon, and consequently great reduction 
of cost for repair. 

Fig. 7 explains the plan of constructing the toofs, which 
are also made of No. 16 gauge sheet iron, laid upon bent ash ribs, 
8X1 f inches, on the top surface of which are placed strips of tarred 
felt, 2f inches wide, upon which each sheet of iron has a surface 
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bearing of l^ inch, and is secured to the rib by screws. It should 
be observed, that the plates intended to form the roof are so laid 
as to leave a space of i inch between the edges of each, for the 
purpose of allowing a screw to pass between the edge of each plate. 
This space, and the upper surface of each sheet of iron, are, in like 
manner to the under side, covered by a strip of felt, 2^ inches wide, 
upon which is laid transversely a piece of hoop iron of the same 
width, and this is made to cover the two rows of screws by which 
the iron roof-plates are made fast to the wood ribs, and is itself 
secured by a single row of screws passing between the edges of the 
plates forming the roof. The cost for maintenance of roofs so con- 
structed is merely nominal, no case of repair having yet happened 
(accidents excepted) in five years, while the certain cost of tar- 
paulings for 500 Waggons during that period, would not be less 
than £7,500. 

The section of the slide roof and waterways, shown in Fig. 6, 
Plate 37, will explain the construction of that important part of 
the New Covered Waggon. It will be seen that the moveable 
portion of the roof runs upon rollers of chilled cast iron, 
accurately turned, and revolving on a steel axle, to prevent 
wear. The waterway and roller path is partly covered with a flat 
strip of iron, on which the rollers freely work, and move the slide 
roof The plate of iron. A, answers the purpose of strength- 
ening the wood rib, B, and effectually prevents any water 
getting into the interior of the waggon ; its surface is also useful 
for the crane chain to work against, and thereby protects the 
wood from injury. The whole of the space for the admission of 
goods is in like manner faced with iron, which renders repair 
of this part of the Waggon most trifling. By this mode of con- 
struction, the dimensions of the door opening and its respective 
working parts are accurately preserved ; consequently, the doors 
and slide are always found to move easily. The slide, C, is most 
effectually prevented from removal for improper purposes, by the 
external rib, D, and the iron top plate, secured by a bolt, E, 
and nut, on the inside of the sheet-iron roofing. 

Fig. 5 shows a full-sized section of the doors, side waterway, 
and roller path in which they work ; and of the inside casing by 
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which, when out of use, the doors are protected. It also shows 
the level of the floor-line and door-post, faced with hevelled iron 
plate, forming also a snap holt and nut. All these parts of the 
Waggon have so perfectly answered the purpose for which they 
were designed, that after six years' use, the writer is not aware of 
any alteration that can he made with advantage to the plan. 

Fig. 3, Plate 36, represents a Covered Waggon of similar 
construction to that which has been explained above, with this 
difference, that the doors on both sides, and the corresponding 
part of roof, are framed together, and move longitudinally either 
to the right or left, as may be desired. 

Plate 38 represents sections of four other plans of moving 
roofs : Fig. 8 being suitable for a goods Waggon where sliding 
doors on each side are requisite, and is formed of two slides, 
A A, moving transversely upon the Waggon, one above the other. 
This plan of Waggon is in all other respects constructed in the 
same manner as the one shown in Fig. 2. 

Fig. 9 is a section showing a roof, with the slide. A, running 
longitudinally in grooves upon the top of the Waggon, and appli- 
cable to such as have doors at the end. 

Fig. 10 is on the same principle, with the exception that the 
slide, A, moves upon an iron rod, B, secured on each side of the 
roof, the moving portion of which is kept in its place by eye-bolts, 
through which the rods pass. 

Fig. 11 is a part elevation of- another plan of roof, by which 
the sides, A A, move longitudinally to the right and left. This 
arrangement is suited to Waggons that are required to have 
folding doors on each side. 

All of these plans have been for some time practically in use, 
with advantage. 

There are several modifications of the plan of building these 
improved Waggons, but the one shown in Fig 2, and another in 
which deal boards are used, instead of the iron plates, to form 
the body, as before described, are those generally adopted. 
The roof is in all cases formed of sheet-iron, painted. 
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The subject of dead weight, as compared with the load carried 
is of importance. 

The original Waggons weighed from 2 to 2} tons ; load, about 
the same. 

The present Open Waggons, Fig. 1, weigh dj tons : load, 4| 
tons ; being 1 ton in favour of paying weight. 

The New Covered Waggons, Fig. 2, weigh 3^ to 5 tons. A few 
only, with iron floors, heavy azlc-boxes and wheels, weigh 6 tons ; 
the general class weigh 4 tons, carrying 6 to 8 tons. 

The exact weight of the present build would be 3^ tons : load, 
6i tons. Pa3ring weight, as compared with dead weight, 3 tons 
gained. The general class of low-sided Waggons weigh from 2^ 
^o 4 tons, carrying 2i to 4^ tons. The general class of high-sided 
Waggons weigh from SJ tons to 4 tons 2 cwt. : load, 3^ to 4^ tons. 

In concluding this paper, the writer will refer to a few of the 
items in which a saving has been permanently effected. He 
more particularly wishes to remark, that in the removal, by the 
Covered Waggons, of many old and expensive sources of repair, 
common to the open Waggon, he certainly has not introduced any 
new ones in connection with the improved plan of Waggon, the 
construction of which will so much lessen repair, that the reduced 
ei^enditure, as compared with the ordinary open Waggon, will in 
time" provide a fund sufficient to reproduce the Waggon ; saving 
the necessity of laying by money to meet any loss arising from 
depreciation. 

The cost of maintenance of the open Waggon stock varies from 
7 to 10 per cent on the first cost of the same. The repairs of 
the Improved Waggon do not exceed 4 per cent, on the prime 
cost. Difference in favour of the New Covered Waggon, about 
one half. 

The cost for tarpaulings to cover the open Waggon is reported 
in some instances to be so moderate, and in others so high, as to 
ka^re some doubt upon the subject. That it is most serious, all 
are aware. The writer, who has paid some attention to this 
subject, is prepared to prove that the charge cannot be less than 
6 per cent, on the cost of the open Waggon. The whole of the 
charge for tarpaulings is saved by, and is therefore in favour of, 
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the Covered Waggon. The annual cost for tarpaulmgs, to one 
large Company alone, is £12,000. 

The open Waggons are further chargeahle with most serious 
items arising from damage done to goods hj water, loss hj 
pilferage — in some years hundreds, and as often thousands of 
pounds ; also destruction of property hy fire, to such an amount, 
that it is serious even to a Railway Company ; and claims for 
compensation, arising from causes too nimierous to he more than 
adverted to. 

The use of the Covered Waggon may be said to he free from 
this catalogue of charges ; to which may he fairly added the fact, 
that while the improved Waggon . costs less, as shown in every 
way, it actually gains a larger sum of money than the open 
Waggon, hy being more constantly in condition to work, and 
secures its earnings free from the deductions referred to. 

The cost of these Improved Covered Waggons does not now 
exceed the price formerly paid for the old open Waggons. 



Mr. Henson exhibited a complete working model of his 
improved covered waggon; he said it possessed as great a 
capacity for loading as the ordinary goods waggons, and was 
quite as strong, if not stronger. 

Mr. Slate inquired, how often the new waggon could be 
loaded, in regular traffic, with goods to the amount of seven or 
eight tons ; and what description of goods was intended to be 
carried by it ; and what weight of light or damageable goods it 
would hold ? 

Mr. Henson replied, that the waggon would take to the 
amount of from five to seven tons of sugar, silks, &c., and 
other damageable goods. It was calculated for the convey- 
ance of Manchester goods, which were generally heavy ; and 
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Ihese waggona wese fixiDd b]F the cairiers pttrtiettliily aeiviee- 
able in carryiDg, with perfect secmrity^ these deecriptloiis of 
damagethle goods. Shsel and hoop iron also would load them 
to sevem totis ; and these goods reqiiired substadtitil coyeiing; 
to t^olcwft thettt -kom mst and olber injuries ; and serioiis lodg 
was sometimes experienced firom' the damage csnsedtotbem 
T)y exposure to the weather in the ordinary open waggons. 

Mr. Sjlate observed, ihdt m Mr. Henson*8 Waggon the re- 
duction of the tare was certainly very considerable ; it appeared 
he had produced a vehicle which, for every ton of its own 
weighty would carry double the weight of goods. This was a 
great step in the right direction, and he hoped the waggon 
might be further enlarged and improved — even to double its 
size — that expenses might be saved, and a reduction in the 
carriage of heavy goods be effected. 

Mr. Henson replied^ that the great objection to any exten- 
sion of the length of the waggons, was the manner in which 
they were now confined by the station buildings, the ap- 
proaches to the warehouses, and the turn- tables. Great altera- 
tions would be required at the stations, along the whole line 
of railway, before any enlargement of the present size of wag- 
gons could take place. 

Mf. W. ShfiTH said, it w«is clear that the Waggon possessed 
evky fecflity for loading ftll kinds 6f goods ; and it bad been 
^b6^, in various Ways, that the oi*dinary open veaggons and 
tarpaulings were very imperfect and expensive. He saw that 
certain |Jarts of the new waggon ^re made of coitugated iron; 
and be wifehM to inquire where the extra strength and saving 
In WBi^twert drtaifaed ; and why the framing and the platform 
W*^ not aWo made of iron, instead of wood ? 

Mr. Henson explained, that he considered the combination 
6t woed and iron fhat he had adopted was decidedly the best. 
In his oplhlbn, an entire iron waggon would not only be 
heavier, but it would be weaker, while, at the same time, it 
would be eonsideraMy more ekpensive, and more diflBcult to 



repair. I%e vood y pvaate d tha axxm iron keodifi^, mti the 
inon pre^fonted the wood frost lireakigftg ; and by Aese means « 
great increase of sttieiigdi iras obtained. 

Tbe Chairman remarked, that this question of constractioB 
hjud been dtsoussed upon a fonner oooasion, after a paper read 
by Mr. Adams; and iJie TekUare merits and strength of mm and 
¥rood, as used separately or eombinediy in tibe construotioii of 
railway oarriagea, was an impqrtent snbjeetifor ^coQsideratioB : 
it bad been recomimmded to inake the imder ftma of ivon. 

Mc W« Smit« enggostpd, that tihe ivag^ons ebcmld have 
iion sides and ends entaiMiy, as frell as icon itops, tf (the (Ajgect 
were to protect the ^ognb agatiut the efSocts of fire, as proteo- 
tt(m vee quite as neeeasery in tJaet part i»f die oarnage, wben a 
train was on firo, as it was on thfs roofl 

Tbe OqAiHMAif obe^rml^ tfaait he oould ben lieatinKmy %e 
tbe new waggon being an eS^euisd secodty against fiie. In 
his own exp^ienee, be had known it opo^ate, irbem plaoed 
between two of the old f^iggons^ as a *cD|np|bel^ (dteck Agunst 
the progress of fire in a goods train on the railway. 

Mr. Slate, referring to the model of the new waggon, 
showed the great additional strength which the roof, from its 
construction, gave to the body of the waggon, as compared to 
an open waggon. Tbe frame aetod as diagonal bracing ; while 
the roof, like iht deck of a ship, strengthened the general 
structure of the yehicle. 

Mr. CowPER observed, that the roof of the waggon made 
the whole body, as regarded strength, into a comjplete girder, 
of the full depth of the waggon. 

Mr. Adams quite agreed with Mr. Henson, with regard to the 
objection to iron for the upper fraaning ; there would be great 
dif&culty in riyeting corrugated iron to iron iramii^g, and such 
a process would necessarily lead to considerable expense; but it 
was xsomparatively easjy to fix the corrugated iron by screws to 
wood framing. He waa of ojfimon, boweyer, that iroB was 
better for tbe ainder fcaming than wood. He eonsidesed 
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that the waggon, as constructed, was very safe from fire; 
and if, with a dead- weight of only 3 J tons, it could carry 6 or 7 
tons of goods, it was most unquestionably a very efficient 
vehicle. 

The Chairman said, the protection against fire went far to 
show the superiority of Mr. Henson's waggon ; and when they 
considered the great losses to which Railway Companies were 
subjected, by damage done to goods entrusted to them for 
conveyance, it was evident that great advantages were derivable 
from efficient protection, by having the waggons completely 
closed, and as nearly as possible air-tight It would also be a 
great saving to Railway Companies, in reducing the proportion 
of the dead- weight of the waggons, as compared to the paying 
weight carried ; and in addition to the protection from injury 
and loss, the expense of goods conveyance would be considerably 
reduced, and the means of carriage increased. He proposed a 
vote of thanks to Mr. Henson, for his paper, which was passed. 

The following paper, by Mr. 0. W. Siemens, of Birmingham, 
was then read : — 

ON A NEW REGENERATIVE CONDENSER FOR HIGH- 
PRESSURE AND LOW-PRESSURE STEAM ENGINES. 

The Condenser of a Steam Engine has for its object the com- 
plete discharge of steam from within the working cylinder, after 
it h^s served to propel the piston. (This is effected by conducting 
the expended steam into a closed chamber, containing an 
extended surface, of comparatively cool substance, which absorbs 
the latent heat of the steam, and thereby reduces it to its liquid 
state. Cold water is generally employed for this purpose, which 
is either brought into immediate contact with the steam, as is 
the case in Watt's Injection Condenser, or through the medium 
of metallic walls, as in the Surface Condenser by Homblower, 
improved upon by Hall and others. 

The more or less perfect condensation of the steam depends — 

•1st. — On the absence of air from the Condenser. 

3nd. — On the temperature at which condensation takes place. 
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The appended Table shows the elastic force of steam in vapour, 
at various temperatures. It will be observed that, in order to 
produce a perfect vacuum, the water should leave the Condenser 
at about 32o Fah., or be introduced in the form of ice. Con- 
densing water, however, is generally obtained at the temperature 
of about 60*' Fah., and it leaves the Condenser at about 110^ Fah., 
which latter temperature implies a remaining atmosphere of 
vapour equal to 2.5 inches of mercury, or in other words a vacuum 
of 27*5 inches below the atmospheric pressure at 30 inches. If 
a less quantity of condensing water be used, it will be raised to a 
proportionately higher temperature, and a less perfect condensa- 
tion be effected. At 212o Fah., the pressure of the uncondensed 
vapour would be equal to that of the atmosphere, and the object 
of the Condenser would be entirely frustrated. 

In all cases where an abundant supply of condensing water 
cannot be obtained, or where the heat of the steam employed by 
the Engine is reclaimed for other purposes, Steam Engines 
are worked without a Condensing Apparatus (or at high pressure) 
at the sacrifice of an effective pressure nearly equal to that of the 
atmosphere upon the working piston. The Begenerative Condenser 
(the subject of the present paper) redeems the Engine from this 
waste of heat in the one case, and loss of mechanical effect in 
the other case, being possessed of the peculiar property of 
returning the condensing and condensed water at the initial 
temperature of the steam previous to its discharge from the 
working cylinder, (commonly speaking, at dlS*' Fah.,) effecting 
nevertheless an efficient vacuum. 

Fig. 1, Plate 39, shows a sectional elevation of the Kegenerative 
Condenser, as applied to a lOHP high-pressure Engine. 
It consists of an upright rectangular trunk of cast iron. A, the 
lower end of which, B, is cylindrical, and contwns a working 
piston. The trunk is filled with metallic plates, which are 
placed upright, and parallel to each other, with intervening 
spaces of not less than ^th of an inch in breadth. The upper 
extremity of the Condenser communicates on one side, E, to the 
exhaust-port of the Engine ; and on the other, to the hot-well, F, 
through a valve, G. A stop, H, prevents the opening of the valve 



bflyund a. oertaiB dist&noe, in order tiiat it mssy re-sfmt more 
iDStantaneouslj. The metallie pltites B, are letsleBed togedier hj 
five or more thin bolts, with, small washers between th^ adjacent 
pisLteSt which keep them the required distance impart They can 
easily be removed from the Clondenser, for the pnxpoae of 
cleaning; by^takiag oE the cover, I, ukl cbawing avA the whole of 
the plates* 

An injection pipe, E,. entenr the Conde&ser immedmtelj below 
the plalMs ; it is provided wish a small air-vessel:, L, and a 
regulating cock* 

The action of the Gondeaeer is ae foUowa: — 

Motion ie given to^ its working piston by the Engine, 
causing it to accomplish two s^arokes for every one of the Engine. 

At the moment when tiie exhaust-pcnrt of the Engine opens, 
the plates, D,. are completely immersed in water, a small 
portion of which has entered the passage above the plates at A, and 
is, together with the air present, carried off by the rush of steam 
through the valva^ G, into the hoVwell, where the water remains, 
while the excess of steam proceeds into the atmosphere. An 
instant after the partial discharge of the steam cylinder has com- 
menced, the water recedes between the plates, D, and exposes 
them gradually to the steam, which condenses on them in the 
manner following. The upper edges of the plates, emerging first 
from the receding water, are enveloped in steam of atmospberie 
pressure, and in condensing a portion thereof, they beoome 
rapidly heated to nearly the temperature of the steam, or about 
210*' Fah. The partial condensation diminishes the density and 
temperature of the remaining steam, whaoh requires a^dditional 
and cooler surfaces for its further condensation. This is pro- 
vided for 1^ the continual emerging of additional portions of 
the metallic surfaces from the water. By the time tbe water* 
level leaves the plates, the far greater portion of the steam is 
•Condensed. The condensation of the remaining portion of 
dteam could not so readily be accompliBbed by me$ns of metallia 
surfaces, but the piston« 0, continuing to descend, pMt8 it into im- 
mediate contact with the jet of cold water from the ^ipe» £* which 
eooipletes the vaoiMm in tbe maontt- of a eommon Iv^^^^m QotX" 



denseor. The ^^r-vesselj 1% ioDimeBl»d/wM)f 4iie i i qgc l to n pip6,lnB 
tli6 ^e^ot ot aecuarmktkKg tba iB^ctiflii: imter, at the time whan 
the water has asceoded between tfaa, plates, fuad o£ iardng it into 
the CondeoBer with mereased mtenaitsr, Bt the time when it is 
required to €oa»pletd the vactianl. 

Alth<>«^ tha ACtiion-af '^ifl Goodi&nBtt is stmtly oonseoutife* 
Tet it does not cheek the eontiiiiffidis flow «f ^leoni 6om Ihe 
cylinder, and it completes the vai^tiiiiQ'^en die*w<ndcing piatoa 
of the Engine has only accomplisheid one tenth part of its stroke. 
Both the engine-crank and the erank driving the Condenser are 
on the top centre at the same *«i8ttiexit,^ but the lettter com^kted 
iartRfokudmi in thettme^ludf'aTCNroltiticNi >of ^he Engme; 
consequently, when* the ^tiglad-piettm iiaS' pa8«<^ ^tyone-tentli 
of the whole stroke^ the cimdenser^srank ^111 have travelled 
through nearly half its stroke, wb^i die whole process of con- 
^e&fiflftioii ^wiH hura he&i ecMnpleted. The •^ncipal paart of the 
lAteuthsAid Ihd steam is slOFed np in ithe piatos> the copper 
«X!tremiti^8 of which m^ Safioted to 2iO^ Fak^ and the Jiorwear« to 
i^»out 1&<^ Fah. 

The water« in TB^ascendaig between t£he fflatas: during ^e tast 
tenth part of the stroke, absorbs heat therefrom in < a similar 
successive manner, passing * first the coolest, and by degrees 
the hotfceist portions of liheir Burfitc^s, aiid issues fin^y into 
4iie crpper «team 'parage, lit a ^tempier&ture approaching llie 
boiling p<^t, at^hich moment a feeeh discharge of steam takes 
^lace, *#hidh cai^s it off hato the hot-well, as abovte* described, 
m^ raii^s itB^tempetature fully to H^e boiling point 

Fig, ^, Plate 40, represenfts an abtual indicator diagram, gfcow- 
liig the time occupied in completing; the vacuum 7 but it ^mll be 
observed, that the loss of time and power may be decreased by 
Increasing the capacity of the displacing cylinder ; but, as it is, 
•this krss does not amount to one seventii part bf an uniform 
tttcmmff, an equiraleht fbr idilch is obtained in the isaving of the 
power hitherto absorbed by the air-pump ; for it will be observed, 
Aat the displacing piston works between two vacuums, and 
therefore mdetd ivilii' no resisting load. 

Various modes have been provided to give motion to the dis- 
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placing cylinder, among which a knee motion, worked directlj 
from the heam or cross-head of the engine, is generally fomid 
the most convenient, as shown at M M in Fig. 1. 

The quantity of condensing water required with this Con- 
denser to condense one pound of steam, of atmospheric pres- 
sure — ^taking the initial temperature of condensing water at 60** 
Fah., the final temperature at 210"" Fah., the latent heat of 
steam of 212° Fah. at 960 units— is 

-i5^ = 6.61bs. 
210—60 

of water to condense 1 lb. of steam. 

The common Injection Condenser (supposing the condensing 

and condensed water to issue at llO*' Fah.) requires 

960+(^12-110) _ ^^ 
110—60 ^i^i«>s. 

in place of the 6.6 lbs. which the Begenerative Condenser 
requires. In the case of a locomotive, or other high-pressure 
Engines, where the steam is released from the cylinder at a 
pressure of, say 30 lbs. above the pressure of the atmosphere, 
two thirds would be allowed to escape uncondensed, and a 

vacuum be obtained with only -5- = 2.2 lbs. of condensing 

o 

water for every 1 lb. of steam passed through the cylinder. 

The small quantity of condensing water required, renders 
the proposed Condenser applicable to Engines in nearly Qveiy 
locality ; and pains have been taken to render the apparatus 
itself equally light and compact The advantages rei^ti^g 
from its application to high-pressure Engines are as follows: — 

1. Additional effective power, gained on account of the 
vacuum. 

Fig. 3, illustrates this gain, which (supposing the average 
steam pressure to be = 40 lbs. above the atmosphere, and vacuum 
within the cylinder =10 lbs.) amounts to 20 per cent , irre- 
spective of expansion. If both the steam pressure and the duly 
on the Engine remain unchanged after the Condenser is applied^ 
it is evident that the steam may be worked expansively to a 
large extent, without diminishing the absolute driving power of 
the Engine. 
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d. Heat saved in generating the steam, by the use of boUing- 
k&tfesd water ; and the remaining portion of hot water may be 
advantageously used for heating buildings, dyeing, kc. 

High-pressure Engines are frequently provided with heating 
apparatus for the feed water, which heats it on the average to 
about the temperature of the condensing water from low-pres- 
sure Engines, or 110® Fah. The proposed Condenser heats it to 

810** Fah., which constitutes a saving of ^^^- — = about 10 

per cent 

When such heating apparatus is not provided, the saving 

amounts to — -^^ = about 16 per cent. 

3. The steam which is not condensed may be used to cause 
a drau^t in the chimney, or for other purposes. 

4. The displacing cylinder, unlike the air-pump of the Injec- 
tion Condenser, abstracts no motive power from the Engine. 

6. The Condenser may be started and stopped at any time, by 
turning the supply of injection water either on or off. If turned 
on, it at once forms the vacuum, without involving the necessity 
of blowing through ; and if turned off, it allows the Engine to 
proceed in the same manner as though no Condenser had been 
applied. 

6. The air contained in the Condenser is, at the commence- 
ment of each stroke, bodily expelUdy which is of great advantage 
to the formation of a good vacuum,, instead of the ordinary air- 
pump removing only a portion of the air at each stroke, and conse- 
quently leaving a portion always in the Condenser. 

7. The Regenerative Condenser is more compact, and even 
less expensive than the ordinary Injection Condenser, being less 
than one quarter of the size, and having only one valve instead 
of three. 

Its proportionate dimensions are as follow : — ^Area of plate- 
chamber, three times the area of exhaust-pipe ; length of plates, 
one quarter to one third part of length of stroke of engine ; thick- 
ness of plates, sJ^nd part of this length. Spaces between the 
plates, the same, but never less than i^th of an inch, it having 

n 
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been found that the alternate rush of water and condensmg 
steam prevents the settlement of grease and earthy matter be^ 
tween the plates, if they are not less than igth of an inch apart. 
Capacity of displacing cylinder, equal to one and a half tinges the 
capacity of the plate-chamber. The total capacity of the Con- 
denser is only equal to about the tenth part of the capacity of 
the working cylinder. In applying the Regenerative Condenser 
to existing high-pressure Engines, a saving of fuel of from 30 to 
85 per cent, has been eflfected, or an increase of power to that 
amoimt with the same expenditure of fuel as theretofore. This 
saving may however be still considerably augmented, if advan- 
tage be taken of the increased effective pressure to work the 
engine expansively. This may in most cases be easily effected, 
by merely adding to the lap of the slide valve, and increasing 
the lead of the eccentric proportionately, whereby the additional 
advantage of a more early discharge of the steam is obtained. 

The advantages attending the application of the Regenerative 
Condenser to stationary Engines being practically proved, the 
author is desirous to extend the same also to that important 
class, the Locomotive Engine. In inviting the attention of 
Railway Engineers to this inquiry, he is prepared for practical 
objections being raised, on account of the great rapidity of 
motion, the necessity for the greatest possible simplicity and 
lightness, the deficiency of condensing water, &c. ; but he thinks 
that the Condenser under consideration is peculiarly well 
adapted to meet these objections. 

Its peculiarities in this respect ape : — That it may be accom- 
modated to any speed of piston, by reducing the length and 
increasing the breadth of plates, thus reducing the velocity of the 
displacing piston proportionately. 

Its dimensions are proportionate to the capacity of cylinder 
only, and not (like other Condensers) to the horse-power of the 
Engine. 

The total weight of a pair of Condensers, as applied to a 
locomotive Engine with cylinders of 18 inches diameter and 20 
inches stroke, is about 3J> cwt. 

The power of the blast remains nearly undiminished. 
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The Condenser requires ijo attention in working the Engine, 
and in case it should fail to act, from any accidental cause, the 
Engine will continue to work high-pressure as usual ; moreover, 
it doea not interfere with the working parts of the Engine. 

The advantages which would result from a vacuum in the 
cylinder of a Locomotive Engine, have been ably set forth by 
Mr. Edward Woods, in his ** Observations on the Consumption of 
Fuel and Evaporation of Water in Locomotive and other Steam 
Engines." — The present paper may therefore be limited to the 
means proposed for that purpose. 

The two Condensers are cast in one piece, and placed imme- 
diately in front of the cylinders of the Engine. Each of them 
closely resembles the Condensers above described; only the 
length of the plates, and the stroke of the displacing pistons, are 
much reduced in proportion to the steam cylinder, in order that 
the velocily of the water between the plates may not exceed 
certain limits. 

The two displacing pistons are connected to opposite ends of 
a short vibrating beam, which receives its motion from the Engine. 
In addition to the exhaust valves leading into the hot-well, 
these Condensers are provided with a second set of discharge 
valves, of a somewhat peculiar construction, which, with very 
limited motion, combine the advantage of opening a perfectly 
clear passage for the exhaust steam of the Engine into the 
chimney, where its remaining expansive force is required to pro- 
duce draught. This valve consists of a longitudinal rectangular 
slot, in the upper wall of the steam passage which leads from the 
Cylinder to the Condenser. — At the ends of the slots are trian- 
gular pieces, which support the sides of two longitudinal lips 
which cover the aperture, except at such times when a superior 
pressure from within forces them open. The extent of their 
motion is limited by dead stops. 

The escape of steam, together with the hot water, into the hot- 
well, is regulated by a blow-off valve from the latter into the 
atmosphere ; by this means a pressure above that of the atmos- 
phere is obtained in the hot- well, which acts favourably in forcing 
the boiling-hot condensing water into the feed pump of tlu* boiler. 



28 rkoenerahvk gompemseb. 

It has been stated above, that the ordinary supply of feed water 
is of itself not quite half sufficient to maintain a vacuum within 
the Condenser, and an additional supply of water must be pro- 
vided for. Considering, however, the smallness of the ezQess of 
condensing water, especially if the diameters of the working 
cylinders are reduced in proportion to the additional effective 
power gained, and considering that boiling-hot water will readily 
part with the principal portion of its heat, it is proposed to take 
it back to the tender through a simple Eefrigerator, in whicli 
advantage is taken of the rapid motion of the Engine througli 
the air for cooling the water. The Refrigerator may be placed 
conveniently on the back of the tender. 

The application of the proposed Condenser to low-pressure 
Engines (see Fig. 2, plate 39,) requires but a short notice, after 
what has been said already ; the letters refer to the same parts aa 
in the former description of the High-Pressure Condenser, shown 
in Fig. 1. In it the steam, at the time when it is released 
from the cylinder, has not sufficient force to expel the air and 
heated water from the Condenser into the atmosphere, and a 
partially vacuous space must be provided for their reception. For 
this purpose, that side, B, ol the displacing cylinder which, in the 
arrangement hitherto described, is always empty, is put in 
communication with the exhaust valve, G, of the Condenser, and 
receives the charge of water and air at the time when the piston 
is at the opposite end. A second valve, O, is provided, through 
which the water is expelled into the hot-well during the return 
of the piston. For the convenience of arrangement, the dis- 
placing cylinder is reversed. 

The chief advantages obtained by the application of this Con- 
denser to the low-pressure Engine are : — 

1. The requisite amount of injection water is reduced in the 
proportion of 3 to 1. 

2. The feed water of the boiler is obtained nearly boiling hot* 

which constitutes a saving in fuel of — -^^- — about 10 percent. 

3. The whole amount of heat generated under the boiler is 
given off by the Engine in the form of water, at 210" Fah., which, 
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in most cases, maj be adyantageously employed for heating 
buildings, for washing, dyeing, and other purposes. 

4. A large proportion of the power required for working the 
air-pupip is saved. 

The first Eegenerative Condenser was attached to a 16^HP 
high-pressure Engine, at Saltley Works, near Bimungham, in 
September, 1 849, where it has been found to answer, although it is 
not perfect in its proportions, and could not be kept constantly 
in operation, in consequence of a deficiency of injection water. 
The actual indicator diagram, shown in Fig. 3, Plate 80, was taken 
from this Engine; since then, several more have been erected, 
and the result above referred to obtained. The dotted line in 
Fig. 3, shows the indicator diagram taken from the Engine before 
the Condenser was applied, and the fuU line shows the diagram 
of the Engine working with the Condenser, and exerting exactly 
the same power as in the former case. The shaded portion of the 
diagram shows the power gained or saved by the use of the 
Condenser. 

The author proposes to conclude this paper with a short 
historic sketch of the Steam Engine Condenser, to illustrate the 
distinct featiu-es of this proposed system. 

In Newcomen's Engine, the condensation of the steam was 
effected by the alternate introduction of a jet of cold water into 
the steam cylinder itself. The cold water naturally cooled the 
-walls of the cylinder, which in their turn condensed a large 
portion of the succeeding charge of steam before it had forced 
the piston upward. 

James Watt, in seeking a remedy against this loss of heat, 
conceived the possibility of condensing the steam in a separate 
closed vessel ; and in carrying his idea into effect, he not only 
realised his immediate object, but at the same time rendered the 
Steam Engine susceptible of that degree of perfection and general 
application of which it is now possessed. The Injection Con- 
denser of Watt is the most effectual of its kind, and has main- 
tained its exclusive dominion to the present day. It consists of 
a closed vessel, which communicates periodically with the steam 
Cylinder. The injection water, together with the condensed 
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metal, and with itB thickness; but the conducting power of 
copper is so great, that its thickness seems to exercise no appre^ 
ciable influence on the amount of heat transmitted in a given 
time. This interesting fact is proved by Dr. Ure*8 experiment 
with two copper pans, of the same internal area, but very unequal 
thicknesses of bottom, (being in proportion as 1 to 12,) which 
were both filled with water, and dipped into a hot solution of 
muriate of lime. It was found that the water in the thick pan 
evaporated the quickest, which may be accounted for by its 
slightly increased external surface in contact with the heating 
solution ; and this affords additional evidence that the limit of 
transmission does not lie within the metal, but rath^ between 
the metal surface and the liquid. That the absorption of the 
heat by the water is a slow process, may be inferred from the 
circumstance that water, although possessing a large capacity for 
heat, is a very bad conductor, and depends for its power to 
absoi*b heat on the slow circulation over the heating surfiEtce, 
caused by the inferior specific gravity of the heated particles of 
water. A strong artificial current along the heating surfaces 
greatly accelerates the process. 

The Surface Condenser, above described, was arranged m 
accordance with these observations. 

It contains : — Heat-absorbing surfaces, (by the water,) ISsq.feet 
per horse-power; condensing surfaces, 9 sq. feet per horse^ 
power ; computed mean thickness of metal through which the 
heat is transmitted, IJ inch; weight of copper, 60 lbs. per horse- 
power ; space occupied by plates, 0.4= cubic feet per horse-power; 
about one tenth part of the space occupied by the tubes in the 
Tubular Condenser. 

The essential features of this Condenser are, its comparative 
cheapness of construction, and the easy access which it affords 
to the water channels between the plates. 

It also requires less condensing water than previous Surface 
Condensers, in consequence of the repeated and close contact in 
which each particle is brought with the heating surflEices, before 
it can reach the upper reservoir, or hot-well. The author 
considers that the Surface Condenser just described may be 



advvmtageouely ai^Ued to mMriiie BngisM, and being net sul]|}aet 
te a patent, he lu^s it will receive i^ suffioient trial. 

Being y^q^ired to save the waste steam of a low-pressure 
Engine, tl^ the form of slightly-hea4;ed water, by Mr. John 
Graham, of Manehester, the author, in the spring pf 1847, eon- 
eeived the idea of a Begenerative Cond^iser. Figs. 4 and A, 
jj^te 40, ^how his first arrangement, which may be termed a 
Bagenerative 8mrliEU)e Condenser. It consists of a revolving 
valve, B, which admits the waste steam of the Engine first to the 
atmosphere, at 0, and, successively, into the separate compart- 
ments, D, E, 7, G, where it is eondensed at various densities. 
The cold water enters at H, and first passes between the plates 
within the last compartment, and by degrees ^ough those 
within the first compartment, wh^w the steam is of nearly 
atmospheric pressure, and consequently heats the water to 
nearly 212° Fah., when it passes out at I. 

The next step was an Injection 0(»Ljdenser, on ii^e san^e prin- 
etple as represented by Fig. 6. 

. The revolving valve, B, admits the ufaste steam of iAie Engine, 
first to the atmosphere, at C, and then successively into the 
separate eompartments, D, E, F, G, where it is eondensed at 
Tfirioi^ densities. The cold watMr is injected at H, and is passed 
down throu^ the steam in e$tch ccHsparhnent in succession, by 
means ""of the displacing pistons, K K, which work all on the 
same piston rod Oirough each of the divisions between the com- 
partments ; and the heated water passes out at the bottom, at I. 

li L are averflowing distributing trays, for tibe purpose of 
bringing the water more rapidly uid completely in contact ynih 
the steam. M is ^ sm^ pump to i^xtrsM th0 air that is mixed 
wi^ lie stea-m ajad water. 

The Begenerative Condenser^ in its present form, partakes of 
the nature of both the Surface and Injection Condensers. 

Attempts have been m^de, from tipie to time, to coiidense the 
steam of a high-pressure Engine, witiiout the aid of an air-pump, 
by blowing the steam into a small Injection Condepser, which 
is provided with a large exhaust valve. 

It is clear that the steam of high pressure will, at first, par- 

E 
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tially blow dirough the Condenser, and rid it of its air and con- 
densing water, and that, by degrees, the jet of cold water wHl 
overpower the influx of steam, and consequently produce a 
vacuum. An arrangement of this description, although simple, 
is at least very imperfect, because it is a matter of considerable 
difficulty so to proportion the injection of cold water, that the 
first rush of steam is not forthwith condensed, but may exert its 
expansive force in a cold vessel, and yet, an instant afterwards, 
effect a complete condensation of the remaining steam. 

If too much water be used, the air and water 'inll not be ex- 
pelled, and consequently no vacuum be formed ; if too little, no 
final condensation will take place. 

The quantity of injection water must be very large, because 
the whole of the steam has to be condensed ; and having to 
complete the condensation in the same vessel, it must leave it 
at a low temperature. 

The principle of the Regenerative Condenser has been carried 
still further in the Regenerative Engine, which has been exe- 
cuted on a large scale by Messrs. Fox, Henderson, and Co., 
under the superintendence of the author. In it, the steam, after 
it has served to propel the working piston to the end of its 
stroke, is received into a series of consecutive chambers, from 
which it returns to the working cylinder an indefinite number 
of times. 

On a future occasion, the author will be glad to bring the 
particulars of this Engine before the Institution. 

Table of the Pressure of the Vapour of Water, from the 
Freezing to the Boiling point. 
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32 


0-20 


130 


4-34 


40 


0-26 


140 


5-74 


50 


0-37 


150 


7-42 


60 


0-52 


160 


9-46 


70 


0-72 


170 


1213 


80 


100 


180 


1615 


90 


1-36 


190 


1900 


100 


1-86 


200 


23-64 


110 


2-53 


210 


28-34 


120 


3-33 


212 


30-00 
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Mr. Slate inquired^ what diflference had been found in the 
consumption of fuel, in the engine at the Saltley Works, when 
the condenser was at work and when it was not at w6rk ? 

Mr. Siemens replied, that the experiment had been tried 
with one week's working with the condenser, and then one week 
without it ; and the saving of fuel with the condenser was at 
the rate of 18 per cent. The apparatus with which the con- 
denser worked was, however, too light, and had not been made 
for the purpose ; also, that condenser was the first that had been 
made, and the proportions had been improved in the subsequent 
ones. 

Mr. Wright confirmed Mr. Siemens* statement of the saving 
in fuel, and said there was a difierence of about 8 cwt. in 
H days. There had been irregularities in the working of the 
engine, and several stoppages had occurred from defects of the 
apparatus, which was too light. 

Mr. Siemens said, there was a deficiency in the supply of con- 
densing water, which sometimes interfered with the regular 
working of the condenser, as well as the defects arising from 
the gearing being too light for working it, and these had caused 
irregularities in the working of the engine ; there was also a 
diflSculty in regulating the engine with the present governor, 
as a condensing engine. The steam pressure was 30 lbs. per 
inch; but a smaller supply of condensing water would be 
suflScient, if a higher pressure of steam were employed. 

The Chairman thought that, in a locomotive engine, the 
extraordinary rapidity with which the jets of steam were dis- 
charged, constituted a great impediment to the application of 
the condenser. 

Mr. Siemens replied, thai it would only be necessary for the 
condenser to work quick enough to condense one cylinder-full 
of steam before the next cylinder-full was discharged, and this he 
thought would easily be effected by widening the plates of the 
condenser to a proportionate size, and shortening the stroke of 
the condenser piston, so as to reduce its velocity as far as might 
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be required. It would then return to the tender in pipes, between 
which air wa6 eaused to oirculaite by ikiealit of the rapid motion 
of the engine. 

The Chaihman observed, thait there would be diffieulty in 
keeping the water of the tender cool enough for condensing, 
when there was very little left in the tend^ ; and the water 
remaining at the end of the journey-, would be very hot and 
nearly boiling. 

Mr. Siemens replied, that be Expected the condensing wat^ 
would be cooled down to abo^ 100°, before it was returned td 
tiie tender^ by the process of passing through the pipes of t^ 
refrigerator, from the rapid motion of the engine through th^ 
w; and the wa<mr was not required to be so cold as in the 
lo^diliary tsolide^ieer, as only Xbe last portion of the steftm wa6 
wndensed by injedtioii% 

Mr. CowpteR obserwd, tliat only a small portion of liie steatt 
reached the injection water, the greatest portion being ooiidensed 
^eviouisly, by the metallic plates, or dischiu^i^ into tbe atmos- 
phere { therefore the injection water might be i^ut the sa&e 
iBfUiperetmte as it usaaily ^ame fiom the ordinal Oondens^. 
«Also^ the iender would not get empty so soon as usud, becims^ 
% fdttion of t^ i^am Was condensed and returned bctok int^ 
th^ftetider, ii^st}etid<^ t^e whole being blown up the ohimneyc 
^tbis i^ain inighft amount to xme third of tiie water employed^ 

Mr. SiBMBNS Bhowed^ by a comparative indicator diagi^am» 
that with the (applioati<tt of ihe 'condenser to a locomotive 
eiigi&e, the etean might be d«t off at about one third of the 
stroke, instead of at two tMrds as nstial, and th€!reby a saving of 
-dn^ half the steeim ^oukl be effected, witib the same power* 

The Chairman said, the subject of the application to loco^- 
motive engines was one of great &&portance, &ii he hoped it 
would be brought before the Institution in aaotfa^ paper. He 
'proposed a vote of dianks to Mt. Siemens, for his paper, which 

«Wtis pasMd. 

The Iblktwmg paper, by Mr. Archibald Slate, of Dudl^, was 
then read :^^ 
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ON A NEW BLOWING ENGINE, WOEKING AT HIGH 

VELOCITIES. 

» 

At a l^ltncr ifieetingt tiie writer laid before t&« Iiisiittition tho 
opmibns wkioh be entertained on the subject of Blowing CyQn- 
ders, proposed to be driven at htgh Telotities, ooUKduding itai 
there w^Add r^mdt thdrelgr a krgd eoonomj in the mlmu^ture 
of iron thli^ilghout the eUtiie plant a^d applianoet of this india^ 
p^naable madnne. (S^ Beport of Prooeeduig^^ July, ld5(k) 

It ^aUt^e^ed in tiie ^cHrmer paper ihfett, since the applioatiedi 
5f the double^actmgmovmnent* mt^duoed some fi^en years cge> 
the J^dldng Ojlinder has remslmbd, up tothepresctnttilne^ with^yet 
a single dth«r esdenitial impt^vemelitk As left at that periods it 
eontimieis a lai^ and mnnhioat dnaohilxe, with c(»Dt)ipliiiaied and 
slow motion; insoartBdi €hat 1heil%ht atod ehkstic bodyofthd 
atkUo^here is ^iveUi thrmif^ «t no fai^ber vtelodty than the 
mbre pbkiderows body, watev, <stti be parsed through on ordinary 
pump. While ihe mothrti peltrer was derived, in most instaiifoe^ 
^m a wlit€&r£all, there aai^t indeed he alleged some seml^iaiiee 
x>i H TOi^on i&r the idow motion thiirt has been epoken of; 
Idth6ugh, eveu in »ich *eht;uia«tanoes, it is but little oonoeivabie 
horw the hiterventi(m of mflchixtery) to ifoaekea (the passage of 
ehe lighter and elastie aoedinm, el»»ukl so long have aremaSined « 
desideratum. But the quedtidb heoemes infinitely more stract^ 
^oable, shice the mfotitie powet employed ba» in almost et^ry 
la^tatoce been igteatn^ itself a medhilm in ihe hi^est degree -hghi 
and Mastic ; capable^ at tiM sakne time, ef being iwoihed onder a 
fytessUre^ and at a veh)^^^) fabr ^^^nd aniythilng re^paMd M. 
present, or that probably e^er 4nU. he te^[iHPed of the«air£roai« 
Blowing CyUndet. 

Such beli^ the facfts, and <}()ntemplatfceg the power and speed 
afttfeunod loU the BaUway by liOcomotive Sngi&ee, ^ae \mter itaa. 
led to reflect that a similar |)ower ^was sA kiast ci^yie ef heing 
i^yplied -to ^e Blowing €ylitLa^ ; and^ wioSbe impiesscnl -Wf£h 
this tralEn of 4hoTight, he had ooeasiou^ ki the latt^ part tif thi^ 
ymt iM^tomake«se^f.somettmaU'§ymcheylin<ldis,dmenby^ 
from a larger Bl^wktg iEt^ine. It was ihen fenMtlrked thut 
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these small Engines, when driying shafts only, somethnes at- 
tained a velocity of 200 revolutions per minute, under the ordi- 
nary blast pressure; when the idea suggested itself, that it might 
be possible to reverse their motions, making them Blowing 
Cylinders in place of Air Engines; and this idea, on being 
tested, turned out to be correct. 

The cylinder experimented on was of 9 inches diameter, 
and one foot stroke, and being driven at the rate of 320 revolu- 
tions per minute, discharged the air at S^ lbs. per square inch, 
through a tuyere of l^th inch, being exactly j^th part of the 
area of the blowing piston. This performance exceeds, as is well 
known, by double its amoimt, that of any ordinary Engine ; the total 
area of the tuyeres, with a 90-inch Blowing Cylinder, at a pres- 
sure of 3J lbs., being about 50 circular inches, which is only 
iJ4th part of the area of the Blowing Cylinder. 

Assured by the complete success of this experiment, the 
writer proposed to construct a Steam and a Blowing Cylinder 
of two-feet stroke ; the cylinder for steam to be of 10 inches 
diameter, and that for blast of 30 inches; and to couple 
them, if necessary, with a second and similar set, acting 
at right angles upon a common axle ; and he is still of 
opinion that such would probably prove the best arrangement, 
as well as the best proportions to observe in construction. (See 
Plate 11, in Proceedings, July, 1860.) 

But in the actual experiment, the cylinders proposed to be placed 
at right angles have not yet been constructed. The size of that 
used, owing to peculiar circumstances, has been considerably 
enlarged. In 1860, finding that more air was required for the 
manufacturing purposes to which it was applied, the writer and 
Mr. Cochrane (his partner) resolved to make a Blowing Cylinder 
of such a size as would practically test the question of high 
velocities ; and a Steam Engine, having a Cylinder of 14 inches 
diameter, being ready at hand, was fitted with a 40-inch Blowing 
Cylinder, and to this Engine the further remarks have reference. 
The stroke is 2 feet ; the total weight of the Engine about 6 tons ; 
the boiler made use of weighed 3 tons, 13 cwt ; its length over 
all is 27 feet, having egg ends ; its diameter 4 feet. 
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The first set of experiments were made in presence of Mr. 
Beyer, Mr. McConnell, Mr. Daniel Gooch, Mr. Geach, Mr. Evers, 
Mr. Cochrane, and several other gentlemen who took an interest 
in the proceedings, which were of the following nature. 

On the outlet pipe were placed four tuyeres : two of them SJ 
inches diameter, and the remaining two 2 inches diameter, all 
blowing into the open air. The Engine being run up to its full 
velocity, reached 146 strokes per minute. At this rate, the 
density of the air issuing fi:om the four tuyeres approached 
nearly to 6 lbs. per inch, the Engine remaining perfectly noise- 
less and steady, and the blast being so continuous and regular, 
that the mercury in the barometer did not vary more than ^th 
of an inch — in fact, continued barely living in the tube. 

A variety of minor experiments followed, not necessary to be 
dwelt upon at present ; but it is believed perfectly warrantable 
to state, as the result, that each person present felt convinced 
that he had seen exhibited a Blowing Machine of at once a 
powerful, cheap, and efficacious character. 

Although the experiments thus detailed were of the most 
satisfactory description, and indeed had exceeded every expec- 
tation of a first performance, the writer nevertheless felt con- 
vinced, from observation of the working, that the steam might 
be considerably economised ; and before proceeding to apply it 
to actual use, resolved to fit the engine with an adjusting ex- 
pansive valve, by which such economy might be realised. "When 
this had been fitted, and the requisite attachments made, its fiill 
complement of blast was thrown into one furnace, viz. : 8500 
cubic feet of air per minute ; the pressure of the ait in the main, 
close upon the engine, was a little in excess of 3 lbs. to the 
inch ; at the tuyeres on the furnace, it was, if anything, rather 
under 3 lbs. : but this slight discrepancy probably took its origin 
from the tortuous character and length of the main, which ex- 
ceeded 300 feet ; a circumstance which it was found impossible 
to avoid, without leaving out of consideration the objects to 
which the new blowing power is ultimately to be applied. 

The Engine, during the trial, varied fi'om 96 to 100 strokes 
per minute. The steam from the one small boiler, 27 feet by 4, 
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remained Ml and iufflMent fbp this wovk, after the Bngiii* had 
worked every day fbr nearly a month, and had heen seen by Mr. 
Benj? Gibbons, and several other persons connected with the 
iron trade. An opportunity i^faln occurred of tiying it upon 
one furnace, with the same result as above; this last experi- 
ment was made in the presence of Mr. Samuel Blackwell. With 
regard to liiel, on a subsequent trial, while working iu e^i. 
neetion with a larger Blowing Epgine of the ordinary sort, deli* 
vering into the mains 8000 cubic feet of air, at a density of 8} lbs. 
to the inch, it was found to amount, by measurement, to 9 tons 
6 cwt of small reAise coal, or slack, in twelve hours. 

Although the writer does not present the arrangement of the 
Engine, here given, as a perfect machine, he can entertain no 
doubt that the development of the principle must greatly stimu- 
late the production of iron. It will be perceived how, 
by the use of Blowing Machines, working at high velocities, the 
expense of plant and machinery for blowing a fumaee may ba 
reduced, at the rate of 05 per cent., from whi^t it stands at 
present; or, to one third of ihe present amoimt The above- 
mentioned experiments at Woodside have proved such Engines 
to be adequate to as large a class of wprks as exist in 
8taflbrdshire. Their simplicity and portable character make 
them equally available at the smallest charcoal furnaces, in how- 
ever remote a quu'ter there mi^t be occasion for their use. 



Mr. MiDDLETON inquired, whether the blast from the small 
engine went direct to the furnace, or through a reservoir ? 

Mr. Slate said, they h^d a receiver, 12 by 4 feet ; but in the 
experiment with one furnace, when the other was in repair, they 
let it blow through the whole of the large air m?in. 

Mr. MiDPLETON said, that he remembered the Ute Mr. 
Murdoqk worked a similar blowing engine at Soho, twenty-fivp 
yews ago; it w^ dixect-actjjjg, ^nd the oi>ly difierence was 
that it hetd a D v«lve, and worked ftt a slower vi^looity thw 
Mr* Slate's engine* 

The Chai^maih said, bo had a similar blowing engine ipi 
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regular work at Wolverton, only working vertically instead of 
hori2ontally ; but his engine only made from fifty to sixty strokes 
per minute, while that now under description performed one 
hundred and thirty in the same time. This gave the blowing 
engine of Mr. Slate a great advantage, and was its distinctive 
feature ; the great gain was in the high speed employed. 

Mr. Davies observed, that Mr. Slate's engine could give a 
steady blast for a furnace, with full pressure, which Mr. 
Murdock's engine could not do. 

Mr. Slate remarked, that, though Mr. Murdock's engine 
had been at work at Soho for the period stated, no further 
progress had been made in the construction of the blast engine; 
for at Soho they still continued to make only the old ponderous 
engines. 

Mr. MiDDLETON said, it had been applied at the smithy at 
Woolwich, and had been at work there for many years. He 
thought, though Mr. Slate's engine was different in some 
respects, it was similar in principle to Mr. Murdock's. 

Mr. W. Smith was quite satisfied that Mr. Slate's engine 
would maintain a constant blast for a iumace. He had seen 
Mr. Murdock's engine at work ; it was an open-top cylinder, 
and was quite another kind of engine. He thought that Mr. 
Slate's plan of blowing engines was an important advantage 
in the saving of expense in the erection of iron works, and he 
believed that a blowing engine could now be erected for d6500 
on that plan, as well as one on the old plan for £1500, to do 
the same work. 

The Chairman thought that Mr. Slate's engine was certainly 
deserving of approbation, and he hoped that he would con- 
tinue his investigation of the subject, as any improvement or 
economy in the manufacture of iron was of great importance. 

A vote of thanks was passed to Mr. Slate for his communi- 
cation. 

The following paper, by Mr. E. A. Cowper, of Birmingham, 
was then read : — 

F 
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ON AN IMPROVED MODE OF MOULDING RAILWAY 

CHAIRS. 

In laying before the Institution a short account of a new mode 
of casting Railway Chairs, it is thought that no apology is 
necessary for the introduction of such an apparentiy dry matter 
of detail, as it has ever been the great aim and object of this 
Institution to thoroughly discuss, and, as far as possible, pass 
a soimd practical judgment on, mechanical inventions aflfecting 
the interests of tiie public generally. 

The improved mode of casting Railway Chairs is confidentiy 
submitted to the judgment of the members ; and as the invention 
is simply a cheaper mode of producing better caetings^ it may be 
described in a very few words. 

The importance of a Railway Chair being a strong, a4:cwrate^ 
and sound casting, must at once be apparent to every mechanical 
man ; and, indeed, it is probable thi^t the majority of the mem- 
bers present have travelled over many hundred tl^ousand chairs 
during the past week, the failure of any one of which might 
have been attended with most serious consequences. 

Now, if it can be shown that, in addition to producing a more 
perfect casting ^ it can be done at a cheaper rate than usual, it is 
presumed that the new mode may be considered an improved 
method of casting Railway Chairs. 

On referring to the engraving, (Plate 40,) it will be seen 
that A A, in Fig. 1, is the iron pattern; and it is necessary 
here to observe, that the inside of the pattern is not the 
shape of the intended Chair, but the edges of the jaws are 
provided to receive cast-iron chiH-plates, B and C, which 
are made so as to give the required form to the inside of the 
casting. These chill-plates are dotted in Fig. 1, and they are 
shown separately in Figs. 2 and 3, and in section, in Fig. 4. 

The p€ittem being placed in the moulding box, as shown in 
Fig. 1,' the chili-plates are placed therein, one in contact 
with each jaw of the pattern. The sand is now thrown into the 
box, and some of it is rammed between the chill-plates, thus 
effectually securing their close contact with the pattern; the 
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remainder of the sand is then rammed in, until the box is full. 
The box and its contents are then turned upside down, in the 
usual way ; the pattern is slightly rapped, and then withdrawn, 
by means of a screwed lifting-pin ; the chill-plates being left in 
the sand, forming a good guide to the pattern as it is withdrawn. 
The top box is then put on, having previously been rammed up 
on another board, technically called an *' odd- side board ;" the 
melted metal is then poured in, and the casting is complete. As 
soon as the metal has thoroughly set, the casting may be turned 
out, and the chill-plates will drop out of themselves. The finished 
chair is shown in Fig. 5, and D D are the two portions that are 
cast in the chills, B and G. 

The box exhibited to the meeting has been rammed up in the 
manner described — the chill-plates may be clearly seen, firmly 
imbedded in the sand ; and it is remarkable what great force is 
necessary to displace them. 

The chill-plates are simply good castings, made from an iron 
pattern, and are not filed up, or fitted in any way, as the iron 
pattern of the Chair is fitted to them, and the metal-chills being 
closely pressed by the sand against the metal pattern, great 
accuracy is obtained in the position of the chills ; indeed, it is 
a very rare thing for the shape or inclination of the jaws of the 
Chair to vary anything like ind of an inch ; therefore, when the 
•wrought-iron rail is placed within the Chair, the correct inclina- 
tion is accurately given to it ; and if the rail be true, the Chairs 
cannot be winding^ or out of parallel with each other. 

It is found that the chill-plates stand exceedingly well, and in 
fact many hundred tons may be cast off one set of them ; this 
is partly owing to their not being very thick, so that they soon 
get hot through, and do not strain or warp at all ; the Chairs are 
chilled just sufficiently to give a good, true face, but are not 
chilled-in very deep, in consequence of the chill-plates not being 
very thick, and the Chairs themselves containing a large quan. 
tity of metal. 

On this plan of casting Chairs, boys only are employed for 
moulding, as the great ease and safety with which the pattern is 
withdrawn entirely does away with the necessity of regular 
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moulders being employed; thus the cost of manufecturing 
Railway Chairs is brought to a minimimi. 

In conclusion, it may be stated that many thousand tons have 
already been cast on this plan, and that it bids fair to be uni 
versally adopted. 



Mr. CowPER exhibited specimens of the chairs and the pat- 
terns, and the process of moulding. He said that, by 
that process of casting, there were scai*cely any wasters made, 
not more than one in five hundred, which effected a great 
saving in the expense. 

Mr. Slate said, the plan proposed was unquestionably very 
simple and ingenious, and one which any boy might easily be 
taught to understand. He wished to ask Mr. Cowper what he 
considered the saving in expense would be, by his plan ? 

Mr. CowPER observed, that none but boys were employed in 
the moulding of the chairs. The saving, he considered, in an 
ordinary way, would be about four shillings per ton. 

Mr. MiDDLETON enquired, what was the difference in the 
plan of casting chairs from that of Messrs. Ransome and May ? 

Mr. CowPER explained, that their plan was to have an iron 
plate or chill fitting the side of the box, and the chill-block 
fixed into that by a small dovetail. This block had to be 
driven out before the chair cooled, and the chairs sometimes 
were strained by the contraction before the block could be got 
out, and were broken or injured; but in his plan there was no 
strain in cooling. Also, his plan ensured the inclination of 
every chair being quite correct, because the chill-plates were 
held so firmly ; but in that of Messrs. Ransome and May, there 
was a degree of uncertainty in the inclination, from the block 
being held only at the side. He might mention, that they 
had so far approved of his plan as to arrange for adopting it in 
their manufacture. His chair could be made perfectly parallel 
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inside, but in their chair there was obliged to be a little taper 
inside, to allow of driving out the block after it was cast. 

In the old chairs they were compelled to use taper keys, which 
frequently got loose, but with this chair the keys could be used 
quite parallel, and when they became swollen by the moisture, 
formed a head at each end, which prevented the keys from ever 
getting loose. 

The Chairman observed, that Mr. Cowper s plan appeared to 
be a decided improvement, both in the accuracy of casting the 
chairs, and in economy of manufacture; and he proposed a 
vote of thanks to him for his paper, which was passed. 

The Chairman announced that the ballot lists had been 
opened, and the following new members, &c., were duly 
elected : — 

Members : 
John Addison, London. 
William Batley, London. 
Charles Nixon, Cork. 
Ebenezer Boqers, Abercame. 
Charles W. Siemens, Birmingham. 
James Thompson, Manchester. 

Graduate : 
J. Thorpe Potts, Birmingham. 

Honorary Members : 
Thomas D. Clare, ' Birmingham. 
William D. Starling, London. 
The meeting then terminated. 
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PROCEEDINGS. 



The General Meeting of the Members was held at the 
House of the Institution, Newhall Street, Birmingham, on Wed- 
nesday, 22nd October, 1851, Archibald Slate, Esq., in the 
Chair. 

The Secretary read the Minutes of the last General Meeting, 
which were confirmed. 

The Chairman announced that, according to the Rules of 
the Institution, the President, Vice-Presidents, and five of the 
Council, in rotation, would go out of office next year ; and that, 
at the present Meeting, the Council and Officers for the next 
year were to be nominated- for the election at the next Annual 
Meeting. He then read the following list of Members, proposed 
by the Council for nomination, with the addition of any other 
members who might be proposed by the Meeting. 

President : 
* Robert Stephenson, M.P. 

Vice-Presidents : 
{Three of the number to he elected,) 

* Charles Beyer, Manchester. 
Edward Humphrys, Woolwich. 
Edward Jones, Bridgewater. 

* J. E. McCoNNELL, Wolverton. 

* John Penn, London. 

R. B. Preston, Liverpool. 
Archibald Slate, Dudley. - 
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Council : 
{Five of the number to be elected.) 
James Brown, Binaingbam. 
P. B. Jackson, Manchester. 

* Matthew Kirtley, Derby. 

* James Eitson, Leeds. 
John B. McClian, London. 

* BiCHARD Peacock, Manchester. 
*B. B. Preston, Liverpool. 

* John Bamsbottom, Manchester. 
Thomas Bichards, Worcester. 
Thomas Walker, Wednesbury. 

Treasurer : 

* Charles Geach, M.P., Birmingham. 

Secretary : 

* William P. Marshall, Birmingham. 

(The Officers for the present year are marked thus *.) 

No other names having been added by the Meeting, the above 
list was adopted. 



The following paper, by Mr. James A. Shipton, of Man- 
chester, was then read : — 

ON THE DIRECT CONVERSION OF RECTILINEAR INTO 
CIRCULAR MOTION IN THE STEAM ENGINE. 

The years that have elapsed since the Steam Engine was first 
generally introduced as a prime mover, and the few alterations that 
have taken place, notwithstanding the many threatened invasions of 
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a vcuriely of ingenious inventions, must lead to the reflection that 
only a master mind could have combated with the difficulties that 
beset such an undertaking, and have sent it forth to the world in so 
perfect a form ; the imskilled hand of the workman being the only 
drawback from its being then what it is now. 

The costly work of the various parts subjected to immense strain, 
and also to the searching and penetrating action of steam, depended 
then entirely upon the manual dexterity employed, and therefore 
the machinery of the Steam Engine was required to be of the most 
simple form to place it within the reach of even the most opulent ; 
but as its use and value presented itself to the country at large, so 
the development of machinery took place to meet the demands of 
its manufacture ; and, though it must be acknowledged that the same 
mind that brought the Steam Engii^e into commercial operation, 
contemplated also the reduction of its cost, by the use of self-acting 
machinery in the production of its parts, yet the task of bringing 
such into operation has been nearly as arduous as the former one. 
"What the mechanic would then have looked upon as an impossibility, 
is now perfectly simple, and the cost in comparison trivial. 

That the principle of the ordinary Steam Engine as regards the 
reciprocating action of the steam cannot be improved, is the 
autbor*s opiQion ; but also that its mechanical construction may be 
materially altered, and improvements effected in this respect, owing 
to the many advantages possessed at the present time of having tools 
to meet every requirement; the rapid progress made in this branch 
of mechanical science having placed the Steam Engine in its 
present commercial position. 

The subject of the present paper is the " Direct Conversion of 
Bectilinear into Circular Motion," and also brings imder notice a 
Steam Engine, not deviating in principle from the ordinary recipro- 
cating engine, but simply in its construction ; as the inventors feel 
convinced the nearer they approximate to the original the less liable 
they will be to err. The diagram. Figure 1, Plate 42, represents a 
piston and crank engine of ordinary construction, and although the 
whole area of the piston be exposed to the pressure of the steam 
throughout the stroke, (supposing the valve be kept open,) there 
are certain points when this pressure is useless, namely, when the 
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crank is on the centre ; thus, the circular motion of the crank 
restricts the piston from exerting its full force with regard to that 
circular motion, and thereby the velocity of the piston is constantly 
varying throughout the stroke, as also- the power exerted and 
the steam consumed in like proportion. Thus the actual power 
exerted is the average velocity of the piston multiplied by the 
pressure. 

Now, an eccentric being a mechanical equivalent for a crank, if 
the area of the piston of Fig. 2 be equal to the area of the piston 
of Fig. 1, and the throw of the eccentric, B, equal to the stroke of 
the crank. A, they are of like power. Then, by altering the 
mechanical arrangement, as in Fig. 3, and placing a piston at top 
and bottom of the eccentric, or, in other words, placing the 
eccentric in a large piston, the area of piston and throw of 
eccentric being equal to B, an engine of like power is obtained. 
Therefore, A, B, and C, are equivalents of each other, differing only 
in mechanical construction ; and the power obtained from each would 
be the same, not taking friction into consideration. 

Dispense with these pistons, and admit steam alternately, top 
and bottom of the circle, D, in Fig. 4, and this eccentric piston 
would be propelled, up and down, in a rectilinear direction, and 
this motion would be converted into a circular motion, during the 
propulsion of the piston. Here is obtained the amalgamation of the 
two motions of the ordinary engine in one body ; the same body 
containing the properties of the reciprocating piston, and also of 
the crank. 

The practical application of this principle is effected in the 
Pendulous Engine, shown in Figures 5, 6, 7, Plates 42 and 43 ; 
these represent a 20 horse-"power steam engine, which is a modi- 
fication of an engine that was submitted by the author to a former 
meeting of the Institution. 

A is the base-plate, that carries the entire engine. The side 
framing, B B, is fitted to it, and bolted firmly down, and upon this 
the cylinder, C, is suspended, and swings with a pendulous action. 
The piston, D, is turned perfectly true, having the shaft, E 
keyed eccentric in it. This shaft works in pedestals, P P, which are 
fixed on the bed-plate. The piston works between two parallel 



PENDULOUS ENGINE. 7 

surfaces, F and G, the surface at F being a plate, dove-tailed into 
the cylinder, and the plate G is fitted into the recess prepared for 
it, and so arranged that, by means of adjusting screws, it follows up 
any wear that may take place on the periphery of the piston, and main- 
tains a steam-tight joint. The piston is packed at the ends with the 
rings, H H, these being fitted into a conical seating, and as the wear 
takes place, they are sprung open by means of a. small wedge and bolt 
inserted where the ring is cut open, to allow it to expand. These 
rings work against the side plates, 1 1, which are bolted to the 
cylinder, and have metallic joints. The peculiar motion of the ends 
of the piston against these surfaces causes a most beautiful wear, 
as the rings keep receding in their seatings, and never come over 
the same parts twice together. 

Steam is admitted precisely the same way as in an ordinary 
engine, at top and bottom of the piston, but the valve, N, is on the 
equilibrium principle, and exhausts through the back, being 
packed by a conical ring, in a similar manner to the ends of the 
piston; the valve is worked by the eccentric, J, by means of levers 
and weigh shaft. The steam and exhaust pipes are shown at K 
and L, and are packed with the glands, M M, to admit of the 
pendulous motion of the cylinder. The distances between the 
centres are calculated so as to allow the pendulous motion of the 
cylinder to coincide with the rate of revolution of the engine, and 
consequently, only a small portion of the weight of the moving 
body has to be overcome, with respect to the vibration. 

The advantages of this Engine are, — economy in first cost, — 
economy in space, — economy in foundations, being self-contained, 
— simplicity and economy in repairs, as the wearing parts are 
insertions, and may be renewed at a short notice, — direct appli- 
cation of the steam to produce the rotary motion of the shaft, 
without the intervention of joints or connecting rods, — and not 
being liable to derangement, as the moving parts are so few in 
number. As it contains less frictional surface than the ordinary 
engine, economy in consumption of fuel may be expected. High 
speed may be obtained, and thus gearing, wheel- v^ork, &c., may be 
dispensed with ; and from its compactness, this engine is most 
suitable for working the heavy class of machinery, such as rolling- 
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mills, Ac, or screw-propellers in steamboats. A twenty-horse 
engine is being constructed on this plan, and will be at work in a 
few days, and the author will be ready, at a future period, to lay 
before the Institution its performances, tested by a dynamometer. 



Mr. Shipton exhibited a working model of the Pendulous 
Engine, and illustrated its action by sectional models. 

Mr. Elwell enquired whether a similar Engine had not been 
at work for a considerable time at Wolverhampton ? and what 
was the probable cost of such engines ? 

Mr. Shipton replied, that the engine at Wolverhampton was 
constructed on the former modification of the plan, in which the 
piston oscillated instead of the cylinder. The cost would be £9 
per horse-power, exclusive of the boilers. The only comparative 
trial that had yet been made as to the consumption of fuel, was 
with an engine at Manchest^, which showed a saving of 10^ 
per cent., as compared with another direct-acting engine which 
worked from the same boiler. 

Mr. Siemens enquired how the packing was made steam- 
tight? And Mr. Shipton explained that it was by an ex- 
panding ring of tidangulat section, giving an equal pressure on 
both surfaces : the same plan was adopted for packing both the 
piston and the valve. He exhibited one of the packing rings. 

Mr. Clift observed, that Mr. Shipton had argued that a con- 
siderable saving would be eflFected by avoiding the crank motion 
and the reciprocation of the piston ; but he had against that the 
whole weight of the cylinder in motion, which was a large weight 
to be stopped and reversed at every revolution ; and therefore he 
could not see what advantage the invention possessed over the 
ordinary engines. 

Mr. Shipton replied, that the pendulous motion of the 
cylinder prevented thB loos of power in reciprocation ; the cylinder 
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vibrated as a pendulum ; and they found that one man could 
work the cylinder of a 20-horse engine in vibration, at full speed. 

Mr. Clift enquired whether the cylinder was made of correct 
length to vibrate, according to the law of a pendulum, at the actual 
working speed of the engine? as, if not correctly adjusted, it might 
require a large amount of power to force it into the required rate 
of vibration. 

Mr. Shipton said, the remark would apply to all oscillating 
engines, but in this engine they had calculated the length of the 
centres of oscillation, so as to agree with the intended rate of 
working of the engine. 

Mr. Siemens observed, that weight was certainly of secondary 
consideration, if the centre of oscillation could be made to agree 
with the corresponding length of pendulum; and such an arrange- 
ment would make the power more uniform throughout the stroke. 
But it would not be correct to consider the weight of the piston 
as a loss, in a reciprocating engine, as the momentum was gradually 
absorbed by metins of the crank, and given out again in starting 
the return stroke. In some cases a heavy weight of piston and 
connecting rod was actually an advantage ; an expansive engine, 
cutting off at half stroke, worked more steadily with a heavy con- 
necting rod than with a light one, as it absorbed surplus power at 
one part of the stroke, and gave it out again when the moving 
power was deficient, tending to equalize the power. With respect 
to Mr. Ship ton's engine, he considered the question to be one of 
comparative friction, compactness, and simplicity. 

The Chairman understood Mr. Shipton to bring forward his 
engine rather as one presenting advantageous points of construc- 
tion, than as one which led to saving in fuel. He proposed a vote 
of thanks to Mr. Shipton for his communication, which was passed. 



The following paper, by Mr. J. E. Clift, of Birmingham, was 
then read : — 
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ON THE PRESERVATION OF TIMBER BY CREOSOTE. 

In the present day, when the requirements for timber, in the 
various mining, engineering, and other works, are so great, it be- 
comes necessary to consider carefully the best means of rendering 
it as durable as possible, and that at the least expense ; and the 
writer cannot think that sufficient attention has been paid to the 
subject by the parties most interested, from the fact that but few of 
the larger consumers of that article have adopted any plans for its 
preservation ; and this fact must be the apology for bringing before 
the Institution a paper upon a process which has been partially in 
use for several years. 

In looking through the colliery districts, it is found that thousands 
of loads of timber are taken green from the forests and used every 
year ; and the greater portion is used in the pits, where, owing to 
damp atmosphere and increased temperature, it is rotted in a few 
months ; whereas, with a small expense, it might be made to last 
for years. 

It may be observed, also, that the Railway engineers are seeking 
for a more durable bearing for the rails in iron sleepers, and over- 
looking the means of making wood, which is allowed to be the most 
agreeable for travelling upon, the most durable as well as the most 
economical material for the permanent way. 

Wood may be briefly stated to be composed of a fibrous tissue, 
which upon examination with the microscope is found to consist of 
longitudinal tubes, arranged in concentric rings around the centime 
pith ; these tubes varying in diameter from 2000th to 900th part of an 
inch. The use of these tubes in a growing tree is to convey the 
sap from the root to the branches ; and after the tree is cut up for 
use, they contain the chief constituent of the sap, vegetable albumen 
— a substance very much resembling in its composition animal 
albumen, or the white of an egg. Different woods vary in the pro- 
portion which they contain of this substance, but in the softer 
woods it averages one per cent. 

The dry rot in timber is caused by the putrefaction of the vege- 
table albumen, to which change there is a great tendency; and 
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when once this has taken place, it soon infects the woody fibre, 
inducing decomposition, and causing its entire destruction. 

Many plans have been proposed to arrest this evil, each with 
more or less success ; the chief aim of the authors being to coagulate 
the albumen by means of metallic salts, and so prevent putrefaction. 
Among others may be mentioned the following, as being the most 
successful: — Kyan's process, by the use of chloride of mercury; 
Burnett's, by chloride of zinc ; and Payne's, by sulphate of iron and 
muriate of lime, forming an insoluble precipitate in the pores of 
the wood. To each of these plans there are serious objections in 
practice. In the first place, when metallic salts are injected into 
timber in sufficient quantities to crystallize, the crystals force open 
the pores, causing a disruption of the fibre, and when the timber 
afterwards becomes wet they dissolve, leaving large spaces for the 
lodgment of water, and rendering the timber much weaker. Secon dly, 
the metallic salts being incapable of sealing the pores of the wood, 
the fibre is still exposed to the action called eremacausis, a process 
of oxidation, after the albumen has been precipitated. These pro- 
cesses are also objectionable for wood that requires iron inserted in 
or attached to it, as the acids act upon the iron in a manner well 
known, and ultimately destroy it. 

The plan that is the subject of the present paper is the one 
invented by Mr. Bethell, for the use of a material obtained by the 
distillation of coal tar. This material consists of a series of bitu- 
minous oils, combined with a portion of Creosote ; this latter sub- 
stance being acknowledged to possess the most powerful antiseptic 
properties. The action of this material may be thus described : — 
When injected into a piece of wood, the Creosote coagulates the 
albumen, thus preventing the putrefactive decomposition, and the 
bituminous oils enter the whole of the capillary tubes, encasing the 
woody fibre as with a shield, and closing up the whole of the pores, 
so as entirely to exclude both water and air ; and these bituminous 
oils being insoluble in water, and unaffected by air, renders the 
process applicable to any situation. So little is this oil affected by 
atmospheric change, that the. writer has seen wrought-iron pipes 
that had merely been painted over with it, and laid in a light ground 
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cylinder, and exhausting the air from it by an air-pump, until a 
vacuum is created, equal to about twelve pounds on the square inch ; 
the creosote is then allowed to flow into the cylinder, and after- 
wards a pressure is put upon the creosote, by a force-pump, equal 
to about 150 pounds on the square inch; the timber then taken 
out is fit for use. This apparatus is shown in Plate 44. 

A The wrought-iron pressure tank. 
B Cast-iron cover, fixed by strong clamps and screws. 
C Small crane, for removing the cover. 

D Carriages for holding the timber, E, that is to be creosoted. 
These carriages run on a railway in the tank, for facilita- 
ting the charging and discharging of the tank. 
F Iron cramps, fixed to the carriages, for confining the timber 
to the proper space for entering the cylinder. Small 
blocks of wood are used to keep each piece of timber a 
certain space from any of the others. 
G Reservoir for the creosote. 
H Steam-pipe, for warming the creosote. 
I Steam-engine. 

K Air-pump, for exhausting the pressure tank. 
L Force-pump, for injecting the creosote. 
M Discharge pipe, for emptying the tank, with safety valve, 
for letting off the superfluous creosote, when the required 
pressure has been attained. 
The second process is by placing the timber in a drying-house, 
as shown in Plate 45, and passing the products of combustion 
through it; thereby not only drying the timber rapidly, but im- 
pregnating it, to a certain extent, with the volatile oily matter and 
creosote contained in the products given off from the fuel used to 
heat the house. When the timber is taken out of this house, it is 
at once immersed in hot creosote in an open tank, thus avoiding 
the use of a steam-engine, or pumps. 

AA Drying-house, built with hollow waUs, filled in with ashes. 
B Fireplace. 

CC Flue, running the whole length of' the building, covered 
with iron plates, perforated for half the length farthest 
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from the fire, to allow the products of combustion to pass 

through the timber on the way to the chimney. 
D Carriages, for holding the timber, E, that is to be creosoted, 

running on a railway for facilitating the charging and 

discharging of the drying-house. 
F Iron doors, closing the end of the drying-house. 



Mr. Clift exhibited specimens of Creosoted Sleepers, which 
had been in use for ten years on the London and North Western 
Bailway, near Manchester, and were still perfectly sound and 
unchanged; also specimens of Creosoted Piles from Lowestoft 
Harbour, which had been in the sea for four years, and continued 
quite fresh and sound, and without being touched by the worm ; 
with specimens of similar piles uncreosoted, from the same situ- 
ation, which were completely eaten away and honeycombed by 
the worm in the same period. 

Mr. Bethell observed, that when he first commenced to pre- 
serve timber, he found that no pressure would get the creosote into 
the timber from the presence of moisture in the pores, and it be- 
came necessary to adopt the system of drying the timber first ; and 
after fourteen days he found that the wood lost 3 lbs. in weight 
in every cubic foot ; this was by the old process of drying. He 
then introduced the present drying-house, and in twelve or four- 
teen hours they lost 8 lbs. per cubic foot, in Scotch sleepers, and 
these then absorbed an equal weight of creosote. An average 
of Hi lbs. of creosote per cubic foot was now put into all the 
Mem el timber at Leith harbour works; it was forced in with a 
pressure of 180 lbs. per inch. One piece of creosoted timber had 
been observed at Lowestoft, which had been half cut through for a 
mortice, but not filled up again, and a teredo had penetrated a little 
way into it at that part, and then attempted to turn to the right, 
and then to the left, and had ultimately quitted the timber with- 
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out prooceding any farther. Young wood wtts the most porous 
round the exterior, and consequently absorbed most creosote, which 
formed a shield to keep off the worm. The creosoted sleepers 
were better after eight or ten years than when new, because the 
creosote got consolidated in them and rendered them harder. He 
had taken the idea originally from the Egyptian .mummy ; it was 
exactly the same process ; any animal put into a creosote tank 
assumed the appearance and became in like condition^ to a mummy. 
Timber creosoted was now chiefly used in railways, but he 
believed that if it was introduced into coal-pits it would be found 
that no timber so used in those places would rot. 

The Chairman remarked that if the ownei^s of pits found it 
so much to their advantage, he was sure the plan would come into 
use. 

Mr. Glift said he had taken up the subject in the present 
paper with that view; his object was to draw attention to pit 
timber, and he was satisfied that if the timber used in coal-pits 
was creosoted, it might, when done with in one situation, be again 
taken out to use in another place ; whereas now, because the dry 
rot seized the timber so quickly, it was left behind in the workings 
of the pits. 

The Chairman enquired whether, in the process of creosoting, 
the quantity of sap extracted was calculated ? and how the exact 
quantity of creosote that was pat into the timber was ascer- 
tained ? 

Mr. Bethell replied, that every piece of timber was weighed 
before it was put into the creosote tank, and again when taken 
out, and each piece was required to be increased in weight by the 
process 10 lbs. per cubic foot; the quantity of oil used always 
rather exceeded the weight gained in the timber, on account of 
the loss of weight from the moisture extracted by the exhaustion 
of the air-pump. 

The Chairman enquired what difference was found in, the 
quantity of creosote absorbed by the harder woods.? 

Mr. Bethell replied, that oak only absorbed half as much 
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creosote as Memel timber. Common fir creosoted would last 
double the time of hard wood creosoted, because it took more 
creosote. Beech made the best wood, being fall of very minute 
pores, and they could force a greater quantity of creosote into 
beech than into any other wood ; consequently it took a more 
uniform colour throughout from the process. 

Mr. Shipton enquired how the process was regulated to 
allow for the difference in size of timber ? 

Mr. Bethell said that long pieces of timber were found to 
require more time to saturate them in proportion to their length, 
and the creosote appeared to enter at the two ends and be forced 
up through the whole length of the pores. The progress was 
known by the quantity of creosote forced into the tank after it 
was filled, according to number of cubic feet of timber contained 
in the tank. 



A vote of thanks was passed to Mr. Clift for his communica- 
tion ; and the following paper, by Mr. Archibald Slate, of Dudley, 
was then read : — 

NEW EQUHilBEIUM CANAL LIFT, FOR TRANSFERRING 
BOATS FROM ONE LEVEL TO ANOTHER, WITHOUT 
LOSS OF WATER OR OF POWER. 

The scarcity of water in the inland navigation during the sum 
mer months, and the consequent inconvenience to the manufacturers 
who are dependent for an outlet on that mode of conveyance, having 
led the author of the present paper to the investigation of the vari- 
ous plans which had been proposed or tried, for transferring boats 
from one level to another without the loss of water which occurs in 
the use of locks — ^he foimd that there existed in these plans what 
appeared to him an insuperable objection — ^the necessity of water- 
tight gates or sluices, to be opened and shut in the passage of each 
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boat, and the least derangement of which might not only stop the 
traffic of the canal, but be productive of most serious consequences. 
There occurred in some plans the very serious evil of the boats 
being transferred from their proper water bearing to a dry or partially 
dry cradle, causing serious risk of injury to the boat, by the strains 
Rising from the unequal bearing. 

It appeared, then, that to the successful application of any lift 
or method of transferring boats, two points were essential : first, 
that the boats should float in water during transfer ; and next, that 
there should be a total absence of gates or sluices in the main line 
of the canal. 

To make the boats float into a caisson or tank, sunk in the water, 
disposed of both the above points at once ; and the only thing then 
to be sought for was the proper mechanical arrangement by which 
the caisson, with the boat floating in it, might be lifted out of the 
water at the one level, and transferred to the other level, without 
the loss of water, or the use of more power than is necessary to 
overcome the friction of the machinery. 

The method by which this is proposed to be accomplished is 
shown in Plates 46 and 47. 

The upper level of the canal is divided into two branches or 
arms, U U, each of a sufficient width, and carried along each side 
of the lower level of the canal, V, to a sufficient length, to receive 
an ordinary canal boat. The sides of the canal forming the upper 
levels may be constructed of stone and brickwork, as in ordinary 
locks, or of iron carried upon timber framing. The depth of each 
branch of the canal is sufficient to permit a boat, W, with a full 
load, to float over the ends of a caisson or tank, D D, that is of 
sufficient size to contain water enough to float a loaded boat. 

Over these branches of the canal is erected a timber or iron 
framework, upon the top of which, at points immediately over 
the upper and lower branches of the canal, are fixed rails, A A, and 
on these rails are placed carriages, B B, containing a series of 
wheels, over which run the chains, C C, for lifting the caissons. 

At the bottom of one of the branches of the canal, on the upper 
level, and of one on the lower level, are placed the iron caissons or 
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tanks, D D, which are carried by straps, attached to cross bearers, 
E E, and suspended by the chains at points immediately under the 
frameworlc. 

At one side of the framework, in two vertical grooves, is sus- 
pended the large shaft, F F, carrying the four drums, G G, on 
which the suspending chains wind and unwind in the operation of 
raising and lowering the caissons ; the two sets of chains being 
wound on the respective drums in opposite directions, so that when 
one caisson is raised, the other is at the same time lowered. On 
each end of this shaft, F, is a bearing or journal, which is grasped by 
an eye or strap, H H, in which it can revolve ; to these straps is attached 
one end of the equilibriiun connecting chains, 1 1, the other ends of 
which are fixed to the cams, J J. These cams are keyed fast on 
the shaft, K, and on the same shaft are also keyed two other cams, 
L L, to which is attached, by two chains, the balance weight, M. 
On the same shaft are keyed the large wheel, N, and two drums, 
O, to which are attached, on opposite sides, the two water buckets, 
P P, for the purpose of aiding, if required, the manual power in 
working the lift. 

The balance weight, M, is nearly equal to the weight of the 
caissons in the water, when working through the shortest leverage 
of the cams ; the caissons being allowed a little weight in excess, 
in order that they may freely sink to the bottom of the water. The 
balance weight, when acting through the longest leverage, (as 
shown by the dotted lines,) is equal to balance the caissons when 
out of the water and full of water ; this weight of the caissons being 
the same under all circumstances, on account of the relative dis- 
placement of water, whether they contain a loaded boat or an 
empty boat, or are merely filled with water, without any boat. The 
form of the cams between these two extreme points is regulated by 
the form and depth of the caissons. 

The following is the action of the Equilibrium Lift: — Supposing 
two loaded boats approaching the lift, one on the upper and the 
other on the lower level of the canal, (but the same description 
applies to empty boats, or to a single boat,) each boat is floated into 
the arm of the canal, over the caisson lying at the bottom, in the 
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same way as into ordinary locks. The first operation of lifting, 
is to raise both caissons out of the water, with the boats floating in 
^em : this is done by applying power to the series of wheels, Q, 
which turn the shaft, K ; by which operation the chains, I I, are 
wound on the cams, causing the shaft, F, with the drums and 
suspending chains, to move down the vertical grooves in the frame- 
work to the position shown by the dotted lines at B, and thus raising 
the caissons and boats out of the water. This operation may be per- 
formed either by manual power or by means of the water buckets, 
P P, by turning on water from the upper level into the descending 
bucket, and letting out the water, by a self-acting valve, on the bucket 
reaching the bottom. The varying weight of the caissons, in pro- 
gress of being raised from the bottom to the surface, until out of 
the water, is allowed for, so as to preserve the equilibriiun through- 
out the operation, by the varying leverage of the balance weight 
acting upon and through the four cams ; so that the power has little 
more than the friction of the machinery to overcome. 

Having by this means lifted both cidssons out of the water, 
that one which is required to descend to the lower level is moved 
across the bank of the canal, by means of the railway, A A, on the 
top of the framework, in a similar manner to an ordinary traversing 
crane, until it is suspended over the lower branch of the canal, 
ready to descend, as shown by the dotted lines at S. When in 
this position, the wheel, T, on the end of the shaft, F, is geared to 
the series of motion wheels, Q, by means of a shifting clutch, at X ; 
the power is then applied, and the shaft caused to revolve, which 
by unwinding the chains attached to the descending caisson, and 
winding up the ascending one, carries them to a relative position 
opposite to that from which they started ; and they are stopped at 
the proper point by the top of the cross bearers, E, coming in con- 
tact with the bottom of the chain carriage, £. The caisson which 
has been raised from the lower level is then moved, as before, by 
means of the railway, across the bank of the canal, and suspended 
over the upper branch ; the clutch is then ungeared, the power 
again applied to the shaft carrying the cams with the balance 
weight, and the caissons are simultaneously lowered to the bottom 
of the canal, and the boats floated over their ends and away to their 
destination. 
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Various plans for passing boats from one level of a canal to 
another, by vertical lifts, have been proposed, and some partially 
carried out in practice. In most of these, however, there is a loss 
or consumption of water from tiie upper ponds of the canal in excess 
of tiiat consumed, or in diminution of that supplied, in passing the 
upward or downward ir&de respectively. It will be obvious that 
the plan above proposed occasions no waste of water; that in 
passing the upward trade the water consumed is equal to the 
tonnage of the ascending trade ; and in the opposite direction, the 
water supplied to the upper ponds of the canal is equal to the 
tonnage of the descending trade ; so that a weight of water equal to 
the whole downward tonnage will be absolutely transferred from 
the lower to tiie higher levels of the canal. 

The difference of the levels of the two branches of a canal to 
which this Equilibriiun Lift may be applied, is limited only by the 
strength of materials and convenience of working. 

In the present system of Locks, the amount of traffic on canals 
is really limited to the supply of water, and this in many cases is 
deficient for the ordinary traffic ; so that any reduction of the 
present rates of carriage on canals becomes hopeless imder the 
present system. But by the adoption of such a system as the one 
proposed, on the summit levels of canals, their capacities for traffic 
may be so increased as to enable them successfully to compete 
with the Railway system, which now threatens to swamp three 
fourths of the canal property in the kingdom. 

This Equilibrium Lift may be made single or double. In its 
double form, as shown in the drawings and model, it is estimated 
that it would pass one boat up and another down in about three to 
five minutes, according to the height of lift. 

The value of this lift is its capacity for an ahnost unlimited 
amount of traffic, without any expense of water, instead of incurring 
the constant loss that attends the present locks, amounting to more 
tiian 100 tons of water each time that a boat passes through. The 
enormous annual expense of water to replace the loss by the locks, 
on many of the canals in the Midland districts, is too well known 
to those acquainted with their practical working to require any 
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observation. Supposing the proposed plan applied in several parts 
of the surrounding district, where there are from 16 even to 
30 locks situated close together, and the loss of time to every 
boat in passing the series of locks is from 2 j- to 5 hom^, a most 
important saving of timo would be effected ; as, with one and two 
lifts respectively in those cases, the whole time required for a 
boat to pass would be only from 10 to 20 minutes. 

It is of course impossible to calculate the expense of the lift for 
the various heights, without knowing the exact position, but it is 
considered that for a height of about twenty-one feet, or three 
ordinary locks, the lift would be as cheap as locks. For a less 
height the comparative expense would be greater ; but for a greater 
height, within reasonable limits, the lift would be considerably 
cheaper than locks. In cases where it might be desirable to transfer 
the boats through a great height, they might be passed at one lift 
through a shaft into a tunnel below, at any depth that might be 
required. 



The Chairman illustrated the action of the lift by a large work- 
ing model. He observed, that in former plans for lifts there was 
danger of the boat suddenly striking the surface of the water, 
with the momentum of descending, but that was not possible in 
the present plan : the boat was necessarily stopped before reach- 
ing the surface of the water, and it was then lowered into the 
water gradually by a second movement. The boat was completely 
guided into its situation over the caisson ; and there was no 
danger of the boat going wrong in working the lift ; even if a 
boat happened to be caught by the top of the caisson in lifting, 
no damage could be done, as the man would not be able to lift 
it, having only power enough to overcome the friction of the 
apparatus. In this plan, there was no risk of loss of water from 
carelessness or accident ; but, in some plans, where the end of the 
canal was closed by a sluice, a boat striking the end, by coming 
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in too fast, might do serious injury, and risk the loss of the water 
in that section of the oanal. 

Mr. Mabson enquired what would be the probable expense of 
the lift ? 

The Chairman replied, that the expense of locks might be 
estimated at about £1,000 each ; and for a height of three locks, 
or 21 feet, the cost would be about £3,000, and the lift would 
be about the same ; but the higher they went with the locks, the 
better would his plan be suited, and the saving proportionally 
greater, as most of the expense of the extra locks would be saved. 
He observed that his object was to show the applicability of 
the Uft, leaving those interested in canals to judge of its ad- 
vantages. 

A vote of thanks was passed to the Chairman for his paper, 
and the discussion adjourned. 



The following paper, by Mr. S. H. Blackwell, of Dudley, 
was then read : — 

ON AN IMPKOVED MINER'S SAFETY LAMP. 

• 

The Improved Safety Lamp, which is the subject of the present 
paper, is the invention of Mons. F. Eloin, Mining Engineer, of 
Belgium. 

A visitor to the Exhibition of 1851, he brought over this Lamp 
with him, for the purpose of introducing it to the notice of the 
principal mine viewers of this country ; and it thus becomes of 
additional interest, as being one of those contributions of the 
practical science of the Continent to our own manufactures which 
have already resulted from the Exhibition, and which will doubtless 
add much to our own future progress. 

Important as was the discovery by Sir Humphrey Davy, of the 
property possessed by thin wire gauze to prevent the passage of 
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flame, (and it is scarcely possible to over-estimate the merit of this 
discovery,) yet it could hardly be expected that the details of any 
arrangement embodying this principle could be at once made 
perfect. Attempts to improve the structure of the original Davy 
Lamp have therefore been numerous, but few of them have been 
generally adopted, and in most of our collieries the original form 
of lamp is still used. 

The principal defects of the common Davy Lamp are : — 

First; — ^Deficient light, rendering the collier always unwilling to 
use it, unless compelled by the presence of a highly explosive 
atmosphere. 

Second ; — Liability of injury to the gauze of the cylinder, either 
by a blow from a pike, a fall to the ground, or otherwise. 

Third ; — The possibility of a current of explosive atmosphere 
being carried through the gauze cylinder, Either by the swinging 
of the lamp in the hand of a person when walking, or by its being 
exposed to the powerful blowers of gas, which are sometimes given 
off with great force. 

Fourth ; — The heating to redness of the gauze, by which ex- 
plosions actually take place, not from the passage of flame through 
the gauze, but by the actual contact of the explosive atmosphere 
with the heated wire. This danger is often increased by the pre- 
sence of small particles of coal dust, which, floating in the air 
of the mine, attach themselves to the gauze ; and also from the 
deposit of soot on the gauze, arising from the imperfect combustion 
of the oil, which in the common Davy Lamp always gives off a 
dense column of smoke. 

In the improved Lamp of M. Eloin (shown in Fig. 8, Plate 43) 
all these defects are obviated. 

First ; — in reference to light. The cylinder, A B, above the 
flame, is closed, and air admitted only below the flame, through a 
. narrow breadth of gauze, C ; but the air which is admitted is 
brought into actual contact with the flame, by the application of 
the cap, D, on the principle of the solar lamp ; and thus perfect com- 
bustion is produced, giving off light equal to at least five or six 
ordinary Davy Lamps. The light produced is one which the collier 
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would prefer to that of any candle, from its greater intensity. 
From the perfect combustion of the oil, no smoke whatever is 
given off. 

Second ;-r-As to the liability of injury to the gauze. This is 
obviated by using, first, a strong short cylinder of glass, A, through 
which the light passes, capped above the flame with a brass or iron 
cylinder, B, which cannot be injured, except by actual violence. 
It might be supposed that the glass portion of the cylinder would 
be liable to accident, but in practice this is not found to be the 
case : bound, at top and bottom, by a strong brass ring, if it were 
even to crack, either from a blow, or from unequal expansion by 
heat, no danger would result, as the pieces into which it would be 
separated would still be held together with the brass headings. 

Third ; — The closed nature of the cylinder entkely prevents the 
passage of an explosive atmosphere into the lamp, by any current 
of air ; no swinging of the lamp causes any action on the flame ; 
and no blower of gas can blow into the flame, in consequence 
of the protection of the cylinder. 

Fourth;— All danger by the heating to redness of the wire 
gauze is entirely removed. 

In addition to the entire removal of the defects of the common 
Davy Lamp, the Lamp of M. Eloin possesses, from its structure, 
some peculiarities that render it much safer. 

The air which enters through the narrow breadth of wire gauze, 
hehw the flame, being only such as is necessary to support the flame 
of the wick, and the combustion being of so perfect a character, 
that portion of the cylinder which is above the flame must always 
be filled with the products of combustion, and never with an ex- 
plosive atmosphere. In the ordinary Davy Lamp there must always 
be a tendency in the surrounding atmosphere to rush through the 
wire gauze into the lamp, and to fill it, more or less, with the 
atmosphere of the mine, [whatever that may be. In M. Eloin s 
Lamp the contents of the cylinder above the flame must always be 
the products of combustion. This is clearly seen by the flame 
being extinguished whenever the general upward current is by any 
means reversed. So confident is M. Eloin of the action of his 

D 
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lamp in this respect, from his experience in the Belgian mines, 
that he has placed a very coarse wire gauze over the top of the 
lamp, simply for the purpose of preventing any particles of coal 
or dirt from entering, but of a width that would readily allow the 
passage of flame, if any flame could be supported in the upper part 
of the cylinder. 

The weight of the lamp (always an important consideration 
where it has to be carried for any length of time in the hand) is 
not at all objectionable. 

It is not expensive in its structure. A lamp as highly finished 
as that now before the meeting costs in Belgium about 7 francs. 

The power of perceiving the presence of gas, by the ordinary 
elongation of the flame, is fully equal in this lamp to that of the 
ordinary Davy lamp. 

A conical brass shade, E, is attached to, and made to slide upon, 
the rods surrounding the glass portion of the cylinder, by which the 
light can be directed downwards if wished, so as to throw the light 
over the floor of the mine, when the shade is moved up, as shown 
by the dotted lines at F. 

Combining, then, as this Lamp undoubtedly does, all the advan- 
tages, and, at the same time, obviating the more important defects, 
of the ordinary Davy Lamp, the author of the present paper cannot 
but think that it must ultimately come into general use ; and that 
great praise is due to its inventor, M. Eloin, for the liberality 
with which he has thrown it open to the English mining public, 
without limiting its use by any patent or other restriction. He 
knows from the inventor personally, that nothing will give him 
greater pleasm-e than to hear of its general adoption in our collieries, 
and he cannot but regard its introduction amongst us as a good 
omen of the results which, we may hope, will arise hereafter from the 
more cordial intercourse between the practical science of England 
and the Continent, arising out of the Exhibition of 1851. 
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Mr. Blackwell exhibited one of the improved lamps, and 
an ordinary Davy lamp, both lighted, and said he had taJjen 
special care to trim the old lamp well, but the improved lamp 
gave five or six times the light ; and from the perfect combustion 
of the oil, no smoke was thrown out, whilst in the other lamp 
there was a great quantity of smoke. He observed that the glass 
xjould not be injured, except by actual violence, and that with 
difficulty. He had that morning dropped the lamp from some 
height upon a hard stone pavement, and it remained uninjured. 
He knew of cases that had occurred, where the wire gauze of the 
ordinary lamp, or perhaps the particles of coal dust in the 
meshes of the gauze, had become so intensely heated as to in- 
flame the surrounding gas, even from the circumstance of the 
lamp lying inclined, so that the flame heated the gauze on one 
side ; but such accidents were eflPectually prevented with the new 
lamp. 

Mr. Clift recollected seeing a lamp that was brought out 
several years ago, which he thought bore a great resemblance to 
M. Eloin's lamp. It was, he believed, invented by Mr. Eoberts, 
of Bilston, the original inventor of the solar lamp ; it was on the 
solar principle, and so far similar to M. Eloin's lamp, but it had 
a glass cylinder the whole length of the lamp ; it was first made 
with both a glass and a gauze cylinder, but afterwards glass only 
was used. 

Mr. Blackwell believed that he had seen Mr. Eoberts's lamp, 
bat he was not fully acquainted with it. The long glass cylinder 
would be a great objection, and very liable to be broken and cause 
explosion. The glass cylinder of the lamp now introduced was 
not, he thought, at all objectionable; it was very strong and 
short, and even if many cracks were produced, it would still be 
bound together by the brass rims at the top and bottom. 

The Chairman observed, there must, he thought, have been 
some particular objection to Mr. Eoberts's lamp, or it would have 
been more generally used. The lamp of M. Eloin certainly gave 
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a very superior light to the other, and he thought it was also safer. 
A crack in the glass would he visible and show itself, but it would 
not in the gauze of the ordinary lamp. 

Mr. Glift said there could he no question that the lamp of 
M. Eloin was much better and safer than the Davy lamp, as 
there was no wire gauze to heat, and endanger an explosion 
of gas. It was both safer, and gave a much better light. Ho 
supposed that the objection to the use of the lamp of Mr. 
Koberts was, the great liability for the long glass cylinder to be 
broken by the men, for he did not hear that it had ever come 
into general use. 

Mr. Blackwell observed that he would be glad to make a 
comparison before a future meeting between the lamp of M. 
Eloin and any other safety lamps in use in the mining districts. 

A vote of thanks was passed to Mr. Blackwell for his paper. 



The Chairman announced that the Ballot Lists had been 
opened, and the following new Members, &c., were duly elected : 

Members : 
Peter W. Barlow, London. 
William H. Barlow, Derby. 
Edward Dixon, London. 
Henry Johns, Smethwick. 
Thomas Eobinson, Brierley Hill. 

Honorary Member : 
John Douglas Payne, Walsall. 

The Meeting then terminated. 
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